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Owing to the difficulties placed in the way of the printing trades 
by war conditions, The Journal of Biologica! Chemistry desires 
to cooperate with the printer by eliminating unnecessary labor 
in the setting up of manuscripts. To accomplish this object, 
parts of the papers to be printed in different styles of type 
should be separated in the manuscript. For example, every 
experiment, table, or quotation of over five lines should begin on 
anew sheet. When the text is resumed, a fresh sheet should be 
started. Separate sheets should be used for the running head- 
lines, title, foot-notes, and bibliography. The name of the 
author and the laboratory where the work was done together 
with the words, “(Received for publication, , 1918),”’ 
should also be written on a separate sheet. 

The entire manuscript should be copied with triple spacing. 

In general the forms for headings, tables, references, etc., out- 
lined in the “Suggestions for the preparation of manuscripts,”’ 
issued by the Publication Department, should be followed. A 
copy of the “Suggestions’’ will be found on the back pages of 
the 25-Volume Index of The Journal of Biological Chemistry. We 
are glad to mail additional copies to contributors. 

The Journal requests that, when possible, authors prepare 
their manuscripts in conformity with these suggestions. 
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STUDIES ON POLLEN AND POLLEN DISEASE.* 
I. THE CHEMICAL COMPOSITION OF RAGWEED POLLEN. 


By JESSIE HORTON KOESSLER. 


(From the Hull Laboratories of Biochemistry and Pharmacology, ( niversity 
of Chicago, Chicago. } 


(Reeeived for publication, December 7, 1917.) 


INTRODUCTION. 


The search for determining the fraction of the pollen substance 
in which is inherent the active principle evoking the well known 
svmptoms of pollen disease, or hay fever, suggested a prior in- 
vestigation of the chemical composition of pollen with special 
consideration of its nitrogen distribution, 

Considering the corresponding part taken by microorganisms 
in the causation of any infectious disease, some explanation must 
be offered why a knowledge of the chemical composition of pollen 
might be of aid in understanding the disease caused by it. For 
it is generally true that the chemical analysis of the dead body 
substanee of any pathogenic microorganism in all its nitrogenous 
and non-nitrogenous fractions, has failed to throw much light 
on the mechanism of its pathogenicity and the immunity resetion 
evoked in the organism.  Yet,in some instances, as in tuberculosis, 
a certain gain has been derived for our understanding of the 
peculiar life and reaction problems of the tubercle bacillus, by a 
chenneal study of its body substance. The etiological agent of 

* This work was suggested by Dr. Koessler. Preliminary work on the 
nitrogen distribution of ragweed pollen had led him to suspect that the 
figures obtained by Kammann on the protein content of rye pollen would 
not hold for ragweed pollen. For a detailed discussion of the immuno- 
logical aspect of pollen disease see WKoessler, WK. K., The specifie treatment. 
of hay fever (pollen disease), in Forchheimer, F., Therapeusis of Inter- 
nal Diseases, New York, 2nd edition, 1915, v, 671. 

This work was done prior to June, 1917, and written up before the 
article by Frederick W. Heyl, which appeared in July, 1917, was read. 
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the pollen disease differs from any microorganism causing an 
infectious disease in several important respects. The individual 
life history of the pollen cell is ended on entering the human 
organism; it does not multiply after invasion of the host like 
microorganisms of bacterial nature. Pollen, being a cell of most 
definite function in the plant organism, ends its living functions 
on entering the human tissues and, therefore, is unable to produce 
a toxin as a secretion product of its normal metabolism. It must 
be coneeded, at least on theoretical considerations, if not from 
clinical evidence, that the poisonous action which pollen exerts on 
certain individuals may have its source in a preformed poison of 
similar nature to the glucoside of Rhus toxrteodendron (poison ivy). 


The results of early investigators, as John in 1814, and Braconnot in 
1829, only brought out the faet that different pollen strains vary consider- 
ably in chemical composition. Analyses of ragweed pollen have not been 
published and the only others of interest in this connection are the results 
published by Kammann on rye pollen. WKammann’s work was done at the 
instigation of Dunbar, who, in 1903, reiterated the statement first made 
by Blackley in 1873, that hay fever is a disease due to plant pollen, and not 
of bacterial origin. WKammann found that the alcohol-ether extracts are 
irritating to the conjunctiva of all persons, normal as well as those suffering 
from hav fever, but that the albumin portion of the protein is the portion 
giving a specific reaction in the hay fever patient only, and, therefore, is 
the toxie portion causing hay fever. Im Germany the usual form of hay 
fever is the June cold which is apparently due chiefly to grass pollen. 
Dunbar had considered the starch granules the toxie portion of the pollen 
grain until he found that certain pollen strains (ragweed and goldenrod), 
which de not contain starch granules, also cause hay fever. WKammann’s 
analysis of rye pollen is given below. 


per cent 
Alcohol-ether extract....... 3.00) 
Non-protein nitrogen... ... 


Study of Ragweed Pollen. 


The pollen grains of Ambrosia artemesifolia and Ambrosia 
trifida are small and round. The outer membrane is very thick 
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and presents a rough, spike-like exterior. Treated under the 
mieroscope with chromic acid, everything dissolves except a 


reticulum of very resistant material, which, in other varieties of 
pollen, is known as cutin. This is supposed to be of a fatty or B 

waxy nature. The very thick walls of ragweed pollen are prob- 
ably composed of this substance. If the pollen is treated with as 
concentrated HeSOy a gradual weakening of the wall takes place | a 
at three equidistant points with subsequent formation of a three- eM 
lobed structure, suggesting the normal lobular appearance of the oul 
apple and pine pollen. Lugol's solution stains the whole pollen ca 
vellow but does not bring out anv dark blue, rod-like bodies, vi 
the presence of starch. - 
Extraction by Alcohol and Ether. a 
The pollen was extracted alternately with hot aleohol and ei 
ether in the Landsied! apparatus with frequent changes of the ea 


solvent and until completely exhausted. The results varied 
somewhat in three samples of Ambrosia trifida extracted, but, as 


TABLE I. 
Sample. 
gm. gm. gm. 4 
per cent per cent per cent Be 
Aleohol-ether soluble. 43.10) 38.4 | 
givenin Pable I, show an average of about 40 per cent of aleohol- a 


ether-soluble substance, which is a much higher figure than that 


obtaimed from any pollen recorded. 
Carbohydrate—The total carbohydrates (polysaccharides and 


simple sugars) were determined by the acid hydrolysis according to 
Bulletin No. 107! and the Bertrand? modification of the Munson- 


(l". S. Dept. Agric., Bureau of Chemistry, Bull. 107, 1912, 2AL. 
Bertrand, G., Bull. Soc. chim., 1906, xxxv. L288. 
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Walker method for reducing sugars. This gave 6.89 per cent 
calculated as glucose. The pollen grains of the residue appeared 
entirely unchanged under the microscope; after a second acid 
hydrolysis no more sugar was obtained. Another sample of 
pollen was boiled with 15 per cent HCI for 15 minutes. Here too, 
the pollen grains looked entirely normal under the microscope 
and the sugar test was therefore not made. Even on digestion 
with trypsin at 37° for 24 hours, the pollen gave no evidence of 
disintegration of its very resistant walls. 

In another sample of pollen, the polysaccharides were first 
freed from the fat and protein by treatment with alkali, and then 
when subjected to acid hydrolysis gave only 3.9 per cent reducing 
sugar. It was noticed on boiling the pollen with hydrochloric 
acid that the condenser and neck of the flask showed a violet 
discoloration which indicates loss of sugars in this hydrolysis, due 
to furfural formation. 


Distribution of Nitrogen. 


Total Nitrogen (Kjeldahl-Gunning) in Dry Pollen.—The fol- 
lowing figures were obtained on three samples of pollen from en- 
tirely different sources. 


per cent per cent 

artemisifolia......... ... 4.49 4.94 


Extractive and Lipin Nitrogen.—The analyses reported in Table 
I show that 0.69 to O.S7 per cent of nitrogen is extracted by hot 
alcohol and ether. Roughly speaking, this may be called lpoid 
and extraetive nitrogen, 


Extraction by 5 Per Cent NaCl Solution and the Distribution of 
Nitrogen in the Various Fractions and Subsequent 
xtraction by Boiling 75 Per Cent Alcohol. 


2.703 gm. of dried pollen were ground for 1 hour with 2 gm. of 
pumice which had been previously ground, washed, and ignited. 
The mixture was then shaken for 15 minutes at room temperature 
with 100 ce. of 56 per cent NaCl solution, and then centrifuged. 
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The supernatant liquid was decanted onto a quantitative filter 
and the extraction repeated four times. The filtrates were com- 
bined and diluted to 500 ec. with distilled water. Portions were 
tuken for varlous estimations. The insoluble residue of pollen 
and pumice was next extracted four times with 50 ce. portions of 
75 per centaleohol. The results of these experiments, as well as 
the nitrogen distribution, after extraction of the original pollen 
with 95 per cent aleohol, are here tabulated: 

Per cent of 


Nitrogen total 
nitrogen 


per cent 
Totes. 4 73 
Soluble in 5 per cent NaCl solution... 
“and coagulable 0.10 2: 33 
éé 5 ae Nal] sé non-coagulable ] 
Soluble in 75 per cent aleohol after 5 per cent NaCl 
extraction... 1. 57 33.2 
final insoluble residue 1.35 ON 
Total... 
Soluble in hot 95 per cent aleohol and ether 62 
Total. 4.73% 


of Nitrogenous Substances and Their Separation. 


In the above experiments, in order to extract the proteins, 
the pollen was ground for 2 hours with sea-sand before extraction. 
We have since found out that the grinding has no effect and that 
an equally high per cent of nitrogen is obtained by extraction with 
S.5 per cent NaCl solution without previous grinding. The NaCl 
extract gives strong protein reactions. Only the biuret test is 
unavailable, due to the intense yellow of the extracted pigment. 
The residue also gives protein reactions, but much weaker. Kam- 
inann, Who has done the most recent work on pollen chemistry, 
states that the nitrogen of the residue consists of unsaturated 
compounds. The nitrogen of the NaCl extract was 1.89 per cent 
and might be due to extractives, amino-acids, amines, and to 
albumins, globulins, and other proteins, soluble in salt solution. 


+ 
if 
» 


ay 


—— 


i 
4 
i 
4 
4 
4 
? 
4 
Lt 7 
i 
#4 
{i 
3 
718% 
hig 
} 
3 
J. 


ot 
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The residue, after the above extraction, was extracted with 74 
per cent alcohol. This extract vielded 1.57 per cent nitrogen and 
might contain prolamines, extractives, amines, amino-acids, 
salts, and lipoids. The insoluble residue, containing any albumu- 
nolds, phosphoproteins, or nucleoprotems, gave 1.35 per cent 
nitrogen. The sum of the nitrogen content in these three frae- 
tions made 4.81 per cent, a figure slightly larger than the total 
nitrogen. 

Further study was done on the NaCl extract only, this being 
the fraction containing the most activity and nitrogen, and gener- 
ally the most protein, 

Following the work of Kammann® on rye pollen, we extraeted 
100 gm. of pollen (wet weight) with 800 cece. of NaCl solution at 
37°, for 10 hours. Instead of using 5 per cent NaCl solution, we 
used 8.5 per cent, as Osborne has shown that a 10 per cent NaC] 
solution is more effective in extracting protein than weaker 
solutions. The pollen residue was pressed out by means of the 
Buchner press, 265.5 ce. being recovered. The extract was very 
concentrated and so highly colored as to be nearly olive-green. 
The xanthoproteic, Millon, and ninhydrin reactions were positive, 
and the extract was physiologically active when tested on the 
conjunctiva of hay fever patients. The nitrogen content was 
1.82 per cent, calculated to the original pollen (dry weight). 

The NaCl extract was then precipitated with eight times 
the volume of 95 per cent redistilled alcohol. IKammann used 
absolute alcohol for this precipitation, but the difference in re- 
sults owing to this change would be small. In place of his white, 
finely granular powder, our precipitate was black and. stieky 
and was equal to 7.5 per cent of the pollen weight. 

The alcohohe precipitate contained only 0.318 per cent nitrogen 
ealeulated to the orginal pollen or, in other words, only about 
2 per cent protein if all is proteim nitrogen. It gave very positive 
results by the xanthoproteic, Millon, and ninhydrin tests. The 
vellow color, even in high dilutions, obscured the biuret test. 
Kammann records the rye pollen to contain 40 per cent protein. 
but whether all could be thus extracted and then precipitated 
by alcohol is a question. 


> Kammann, Beitr. chem. Physiol, u. Path., 1904, v, 348-351. 
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The filtrate from the aleoholie precipitate was also too yellow 
to show the biuret reaction. The xanthoproteie and Miullon’s 
tests were negative, but the ninhydrin test was fairly positive. 
The Kjeldahl nitrogen in it was 1.32 per cent of the pollen. It 
was not physiologically active. 


Protein Hydrolysis of Pollen. 


The protein hydrolysis was earried out according to the method 
of Van Slyke? after the pollen had first been thoroughly extracted 
with absolute alechol and ether in the Landsied| apparatus. 
During the hydrolysis, which lasted 20 hours, the contents cf the 
flask beeame a dark brownish red, and along the neck of the 
flask and in the condenser, a purplish red color developed, as in the 
ease of the acid hydrolysis for the polysaccharides. Black in- 
soluble particles appeared after several hours boiling and = in- 
ereased as hydrolysis proceeded. ‘This humic substance, or 
melancidin, neeerding to Osborne and Jones, Gortner and Blish’ 
and White’ is, no doubt, a mixture of secondary decomposition 
products formed from different split produets of the pretem on 
acid hydrolysis. Studies by White in this laboratory agree in 
general with the results obtained by Gortner and Blish and also 
Indieate that glucosamine, tvrosine, and cystine may be involved 
in the formation of the melanoidin fraction in protein hydrolysis. 

As the quantity of humin was so large in the pollen hydrolysis, 
it had to be filtered off before the next step in the analysis could 
be taken, and the nitrogen determined separately. The large 
amount of melanoidin nitrogen obtained, together with the fact 
that the hvdrolvsis had to be carried out in presence of the car- 
bohvdrates and in presence of other unknown substances, should 
be taken into consideration in interpreting the results of this 
hydrolysis. The evstine, amido, and non-amino nitrogen figures 
probably are not correct for these reasons. 

The results of the protein hydrolysis are given in Table II. 


* Van Slyke, D. D., J. Biol. Chem., 1911-12, x, 15; 1915, xxii, 281. 

Gortner, R. A., and Blish, M. J... J. Aim. Chem. Soe., 1915, xxxvii, 1630. 

‘White, E. H., The reactions of amino-acids with carbohydrates and 
strongly acid solutions, Master's thesis in Physiological Chemistry, 
University of Chieago, 1915. 
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TABLE IL. 


Hudrolysis of Ragweed Pollen. 


Nitrogen. 
N in dry pollen. 
rected, | -otal. | 
gm. gm. per cent percent 
Total... 0.38701 0.38701 100 1.60 
Total minus humae 0.3404 0.3404 91.97 4.28 | 
Humic..... 0.0297 0.0397) 8.02) 0.37 | 
Amido 0.0248 0.0243) 6.56, 0.30 
Arginine. . 0.0513 0.0545 14 72| 0.68 Arginine in pollen = 
| | | 2.13 per cent. 
Histidine 0.0482 0.0520 14.05! 0.65 Histidine in pollen = 
| | 2.41 per cent. 
Cystine.. -0.002760.0053 1.43, 0.06 Cystine in pollen = 
| | 0.57 per cent. 
Lysine...... 0.0113 0.0118 3.18 0.14 |Lysine in pollen = 0.97 
| | | per cent. 
Amino of bases... 0.0430 0.0482) 13.02. 0.60 
Total ... 40.2998 0.1387) 38.42 18 | 
Amino of filtrate....... 0.1489 0.1437. 388.82. 1.81 
Non-amino of filtrate. .0.0325 0.0276 7.46 0.34. 


Total of filtrate... 


—_ 


0.1713 46.28 2.16 


The sum of the amido nitrogen and the total nitrogen of the 
bases plus the total nitrogen of the filtrate equals 4.03 per cent. 
The total nitrogen of pollen minus the humic nitrogen was found 
to be 4.28 per cent, showing there was only 0.25 per cent nitrogen 
unaccounted for. The fact that 73.30 per cent of the total ni- 
trogen in the ether-alcohol-extracted pollen is accounted for by 
the diamino-acid nitrogen plus the amino nitrogen in the filtrate 
therefrom, is very good evidence that probably most of the nitro- 
gen in the aleohol-extracted pollen is present in protein combina- 
tion. The most striking feature of this hydrolysis is, probably, 
the fact that although the absolute per cent of histidine is not high, 
relatively the per cent of histidine is unusually high as compared 
with that of arginine. Van Slyke found the per cent of arginine 
and histidine equal in gliadin, and in phosphorescent infusoria 
histidine is reported to be twice that of arginine. In all other 
cases the arginine is from two to six times that of histidine, or 
even much higher. 
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Histidine is of much interest in this connection due to the 
possibility of the production from it of imidazolylethylamine. 


This amine is highly toxic and produces all the symptoms of 


anaphylaxis. The hay fever toxin is said to be an anaphylatoxin 
resulting from the parenteral digestion of the proteins of the 
pollen, the pollen protein in this way acting as a sensitizer, snd 
as a poison, by entering the circulation of individuals subject to 
hay fever. 

The results of my chemical analysis of ragweed pollen may be 


summarized as follows: 


wT Cen 
Moisture....... 
Ash... 10.6 
Total sugars 6.89 
kither-soluble 10.3 
Fatty acid after hydrolysis...... 
0.54 


Phytosterol* (Windaus method)... 
Insoluble in ether, but soluble in 95 per cent 

Extractives, ete., soluble in aleohol (resins) and 

Insoluble residue (crude fiber, proteins, etc.)... 37.71 


*An attempt was ei to identify this by the acetate method of 
212, 1913) but 


Kerr (U.S. Dept. Agric., Bureau of Animal Industry, Cire. 
it was not possible to free the erystals from resinous impurities. 


Distribution of us, and Sulfur. 


Moist pollen. 


Nitro- | Phos- | 
Nitro hos | Sulfur. 


gen. phorus. 


per cent per cent per cent 


Total values...... 1.72 | 0.66 | 0.63 


Soluble in hot 95 per cent sideieel nnd ether | 0.62 | 0.17 | 
Soluble in 5 per cent 3 
Kxtracted next by 75 per cent aleohol..... | 1.57 
Insoluble residue left..................... 
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No aceurate method has as vet been developed to differentiate 
quantitatively the protein from the non-proteim nitrogen. The 
NaCl] solution does not extract all the proteins, as glutelins, pro- 
lamunes, phosphoproteims, and albuminoids would remain almost 
entirely in the residue. In one experiment. the nitrogen of the 
NaCl extract was 1.89 per cent of the weight of the pollen. On 
extracting the residue of pollen with 75 per cent alcohol, 1.57 per 
eent aleohol-soluble nitrogen was found and the residue from this 
extraction vielded 1.35 per cent mitrogen. We cannot sav how 
much of this nitrogen was of protem character. In our study of 
the NaCl extract in the last experiment, we found 1.82 per cent 
nitrogen in this fraetion. This multiphed by 6.25 gave 11.37 per 
eent as the highest possible protein figure. Probably this is not 
all protem. On being precipitated with eight volumes of alcohol, 
Which precipitates mest proteins, the precipitate vielded) only 
OSES per cent nitrogen, or a possible protem content of only 1.99 
per cent i the pollen. The filtrate from this precipitate gave 
1.32 per cent nitrogen, or 8.25 per cent as the maximum protein 
content. It would appear then, either that the protein in rag- 
weed pollen is small in amount, or that it Is present to a large 
extent in a form non-extractable by NaCl solution and possibly 
tlso very incompletely precipitated by alcohol. 

The results of the protemrn hydrolysis of the ether-aleohol- 
extracted pollen show a relatively high amount of arginine and 
histidine nitrogen in the material and probably these are present 
in protein combination in the original pollen. The results also 
indicate that probably all of the nitrogen in the aleohol-ether- 
extracted pollen is present in protein combination. 


[ wish to express my thanks to the Upjohn Company of WKala- 
mazoo and to Dr. A. Parker Hitchins, Director of the Mulford 
Laboratories, for the material used in this work. Iam indebted 
to Miss Sophia H. leckerson for assistance in studving the form and 
resistant membranes of the pollen by microchemical tests. 


In conclusion, | wish to express my deep appreciation of the 
invaluable help given me in this work by Dr. Fred C. Koch. 
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EXPERIMENTAL SCURVY OF THE GUINEA PIG IN 
RELATION TO THE DIET.* 


By BARNETT COHEN ano LAFAYETTE B. MENDEL 


Pane fhe Nhe the ld Laboratory of Ph ysiological he bial ty, 
New Haven.) 


Received for publication. July 


In IS05, Theobald Smith reported that guiness pigs died of a peeuliar 
hemorrhagie disease when fed on a eereal diet without suceulent vege- 
tubles. More than 10 vears later, Holst and Frolich direeted attention 
to the similarity between this malady in the guines pig and human seurvy. 
Whether the etiological factor is identical in both these svndromes is a 
pomnt that still remains to be definitely settled. However. there are many 
points of resemblance between the two, since the elinical pietures are 
practically alike. except that affection of the gums is not usually found in 
the yuines pig. It has also heen suggested that swelling at the joints in 
thesame animal might be aseribed ton condition of rickets (serstenberger, 
OTS). 

It has long been recognized that seurvy is a nutritional disease, for 
numerous authors testify that its appearance was preceded by a monoto- 
nous diet of some pecultar nature. Also, though the pathogenesis ts still 
rather obscure, the means for the eure of this malady were known fora long 
time: a change in diet to fresh food especially green vegetables -would 
initiate a prompt Improvement and speedy cure. 

In the minds of observers in the earlier studies of the subjeet infection 
and toxemia plaved a prominent réle as the causative agent. Later, with 
the advent of the vitamine theory to explain deficreney diseases. it was as- 
sumed that the absence of an antiscorbutie substance in the dietary was 
responsible for the nutritional failure. More recently. owing to the claims 
of MeColhim and his coworkers, the existenee of an antiscorbutie vitamine 
Indeed, they deny that scurvy is a deficieney disease in the 


is questioned, 
Thev aseribe it to some defeet inthe terture of 


true renaning of the term 
the diet: that is unsatisfactory phvysieal factors induce a chain of cireum- 
stances which result in damage to the wall of the alimentary canal and a 
eonsequent toxemia, 

It ix now generally agreed that an exclusive diet of cereals or other plant 
seeds will cause a failure of nutrition of the guinea pig with disturbances 


* Preliminary reports of these experiments were made to the Society 
for Experimental Biology and Medicine, April 17 and May 15, 1918. 
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426 Seurvy in Relation to Diet 


that are very much like the human type of scurvy. This has been shown by 
Holst and Frolich, Jackson and Moore, MeCollum and Pitz, and a host 
of others. However, Farnam (1916), working witha large number of ani- 
malsin this laboratory, was unsuccessful in producing the disease regularly. 
This divergence from the generally reported results still remains unex- 
plained. A set of our animals placed under conditions closely comparable 
to those in her experiments developed the characteristic clinical picture as 
anticipated, 


The present work was undertaken with two main objects in 
view: first, to ascertain whether experimental scurvy is de- 
monstrable at will in the guinea pig; and second, to investigate 
some of the dietary aspects of the problem in the light of recently 
developed theories. 


Symptomatology. 


The experiments here reported in the production and cure of 
expermmental scurvy were made with one species of laboratory 
animal, the guinea pig; and it must therefore be kept in mind 
that our remarks and conclusions apply indirectly and only by 
analogy to the comparable syndrome in other species. In view 
of the present uncertain state of the problem, it seems desirable 
that we deseribe as clearly as possible what is here understood 
to be experimental scurvy from the clinical standpoint. 


In the guinea pig this is a disease the onset of which is usually charac- 
terized first by a tenderness of the joints; and in our experience, the wrists, 
ankles, and knees become involved in the order named, though there are 
many exceptions. There follows in a day or so, a gradual swelling of the 
affected joints, often to twice or three times the original diameter of the 
bone. Sometimes, in the younger animals, a joint will fracture sponta- 
neously,—the wrist being most susceptible in this regard. The older ani- 
mals develop a difficulty in using their hind legs, which seem to become 
stiffened or paralyzed. In order to relieve the pain in the affected mem- 
ber, the animals will lie on their side or back and assume the scurvy position 
deseribed by Chick and Hume (1917). If curative measures are instituted 
early enough, the swellings disappear entirely; if not, these knobs harden 
into exostoses that can be felt through the skin. The disease appears also 
to affect the junctions of the ribs with the cartilages, and in advanced cases 
we have been able to palpate these costoehondral enlargements described 
by Jackson and Moore (1916). The animals wineed when these were 
touched. 

Accompanying the joint enlargement, one notices a marked hypersen- 
sitiveness that is succeeded by a dulness or lethargy. The symptoms de- 


‘ 
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seribed may appear while the animals eat well and gain in weight steadily. 
Then follows a loss in appetite with a resulting decline in weight to death. 

Hemorrhage of the gums in seorbutie guinea pigs has been reported by 
MeColium and Pitz, and Jackson and Moore have found it in a few of their 
animals. However, in common with Holst and Frélich and with Gersten- 
berger, we have never observed this feature in ouranimals. Very rarely 
in four cases), there was an appearance of submucous hemorrhage at the 
base of the lower incisors. Oftener (in ten or fifteen cases), there was ob- 
served a hyperemia or congestion at the same site. 

Loosening of the teeth was quite a common occurrence in the animals 
with seurvy. Oeceasionally during life, the lower incisors were shown to be 
loose. Sometimes they would break off, though never in normal pigs or in 
animals with scurvy that was recently developed. At autopsy the lower 
molars were nearly always loose, ut times to such a degree as to permit the 
teeth to be removed easily with forceps. The upper molars on the contrary 
were not so often affeeted in this manner. 

or the sake of completeness, attention may be called to another mani- 
festation that is said to be characteristic of the disease understudy, though 
we have not had the facilities to investigate it. That is the x-ray picture of 
the atfeeted Joints. As first shown by Fraenkel,' there appears at the june- 
tion of the epiphysis and diaphysis of the long bones a white line which 
recedes very slowly after other symptoms have gone. 

At autopsy, the two most noticeable conditions are hemorrhage and 
fragility of the bones. Our findings coincide in this regard with the de- 
scriptions given by Jackson and Moore. The viseera often were normal in 
appearance; though now and then the stomach, intestines, or cecum showed 
congestion, hemorrhage, or ulceration. These would occur usually on 
the oat and water or oat and milk diet, and less frequently on the sov bean 
diet. 


Special attention was paid to the condition of the cecum which, 
according to MeCollum and Pitz, may be the seat of the symp- 
tom complex known as seurvy. As a basis for comparison we 
had the autopsies of over a hundred guinea pigs, many of them 
normal, and the rest dead from conditions other than scurvy or 
intestinal disturbance. Except in the case of inanition, we have 
never observed one in which the cecum was not full or partly 
full of semifluid feces, this being the natural condition for the 
guinea pig. In our scorbutie animals, the cecum varied widely 
In appearance and character of contents, even in animals on the 
sume diet. Asa rule, those on the oats and water diet showed a 
larger incidence of impaction of feces in the cecum; and often 


' Quoted by Gerstenberger, LOIS. 
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damage to the wall was evidenced by congestion and hemorrhage. 
This was practically always the case in our animals fed with 
oats and milk. However, it did not occur nearly so often in the 
scorbutic animals when the symptoms were produced with the 
soy bean diet to be described below. Summarizing our experi- 
ence with nearly one hundred scorbutic animals, We conclude 
that actual impaction of the feces in the cecum occurred in about 
one-quarter of the cases; and visible damage to wall, 7.e. conges- 
tion or hemorrhage, or impaction, or both, was found in perhaps 
half of the cases. It should be noted that this statement covers 
all the diets we have tried. 


Susceptibility of Animals at Different: Ages. 


The time of onset of the symptoms depends on the age of the 
animal as well as the nature of the diet. Young animals weigh- 
ing from 110 to 250 gm. are best adapted to the production of the 
characteristic symptoms and lesions of scurvy. There are, how- 
ever, limiting factors that should not be disregarded. If the diet is 
poor in protein or inorganic salts, the young animals may succumb 
so rapidly that the scorbutic symptoms may not have an oppor- 
tunity to manifest themselves. This is particularly true of the 
monotonous cereal diet like oats. In such a case, older animals 
weighing about 350 gm. are more suitable. Taking this into 
consideration, we have found, other things being equal, that the 
vounger the animal the quicker will the symptoms appear. Holst 
and Frélich who used cereal dicts mainly, state that young ani- 
mals weighing 150 to 200 gm. are not so suitable because these die 
too soon on such diets. These authors preferred animals weigh- 
ing 300 to 550 gm. MeCollum and Pitz state: ‘There is such 
great variation in the vitality of guinea pigs as shown by their 
reaction to experimental diets that uniform and consistent results 
‘annot be expected in work of the character [they deseribed].”’ 
This has not been our experience. We have found the guinea 
pig to lend itself to as consistent results here as have been reported 
for other animals in experiments of the same nature. Even in 
old, mature animals, we have succeeded in producing scorbutic 
symptoms, except of course that it took much longer and the 
physical condition of such animals was accordingly much worse. 
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Response to treatment was also remarkably consistent if begun in 
proper time. It may well be, however, that the variations found 
by McCollum and Pitz were due to the oat and milk diet used 
in their experiments. This will be made somewhat clearer in 
our discussion of the outcome of comparable experiments. 


General Procedure and Methods. 


All of the animals were under observation for a week or more before 
being started on a diet; and were always in good health at the beginning of 
the experiments. No epizooties have occurred though there were a few 
respiratory affections, mainly in the animals weakened by scurvy. Where 
possible, young or half-grown animals weighing 110 to 350 gm. were used. 
The older ones ranged in weight up to about 600 gm. 

The cages were of metal with removable trays atthe bottom. Except 
where otherwise noted, each tray contained a sheet of } inch asbestos over- 
laid with small mesh galvanized wire screening. The trays were cleaned 
at least twice weekly, and where necessary daily. At such times the asbes- 
tos sheets were removed and heated until practically all the organic matter 
was burnt away. This arrangement provided a very satisfactory bedding 
for the animals and at the same time assured us of the fact that none of it 
was eaten. For a short time before this plan was evolved some of our 
animals consumed some of the asbestos. Before an experiment was begun 
and thereafter every 3 or 4 weeks, the cages were sterilized for | hour with 
live steam. 

Except in a few cases noted, distilled water was supplied to the animals. 
The water containers were paraffined and were washed daily. At first, the 
animals on the milk diets were fed by means of a pipette, but this was found 
extremely impractical. The following arrangement proved satisfactory. 
A porcelain dish was firmly fixed in each cage and the requisite amount of 
milk placed in the dish two or three times daily. Except when sick, the 
animals took the milk very readily so that all was consumed within an 
hour, and thus little opportunity was given for much contamination. 

The animals were weighed daily before feeding. This procedure gave 
the least fuetuation in the curves of body weight from day today. Autop- 
sies were performed as soon after death as possible. In some cases when 
the animals seemed to be dying, they were chloroformed and autopsied at 

once. Special attention was directed to the condition of the mouth and 
of the alimentary canal as well as of the bones. 


Réle of Inanition in Experimental Scurvy. 


An ever present condition in the advanced case of scurvy is the 
lack of appetite for food; and the question arises, How much ts 
inanition responsible for the symptoms produced? Funk (191-4) 
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regards this factor as excluded. Lewis and Karr (1916) have 
shown that the food intake diminishes as the disease advances; 
but they discard fasting as being a very important factor in the 
production of the disease, inasmuch as autopsy reveals nothing 
indicative of scurvy. Farnam arrived at somewhat the same 
conclusion, and our evidence also supports this view. 

We removed a number of animals from a normal diet of cab- 
bage, carrots, and oats, and allowed them distilled water only. 
These animals declined rapidly and died in from 6 to 8 days after 
losing about 40 per cent in body weight. During this period they 
exhibited none of the usual symptoms of scurvy, such as swollen 
joints and tenderness. At autopsy, the bones were normal in 
appearance. There was no subperiosteal hemorrhage or fragility 
of the bones. The alimentary canal was empty except for a 
small amount of fluid in the stomach. The latter contained a few 
hemorrhages, while the intestines, including the cecum, were 
somewhat congested. The viscera were otherwise normal in 
appearance. 

We have also observed, when producing scurvy on a variety 
of diets, that the swollen joints and tenderness often appeared 
while the animals were gaining in weight and still eating food with 
apparent relish. It seems therefore that inanition can only play 
«a minor réle, if any, in the production of the common symptoms 
of scurvy. It will be noticed inthisconnection that with scorbutie 
animals on cereal or soy bean diets, the curvesof the body weights 
take a sudden drop about 10 days prior to death, and in this final 
period, the curves are similar to those seen in fasting. From this 
we may perhaps reasonably conclude that inanition is a result 
of the svmptoms rather than a forerunner of them. 


Scurvy-Producing Diets. 


It is not intended to discuss here exhaustively all the diets that 
have been reported to have produced the scurvy of guinea pigs. 
We shall only mention those that have some direct bear ng on 
our own experiments. 

Cerea'ss—The classical method of producing seurvy in the 
guinea pig has been through the exclusive feeding of cereal grains. 
Theobald Smith used bran and oats; and Holst and Frélich men- 
tion a variety such as oats, rve, barley. maize, and oat-bran. 
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We had in different series a total of twenty animals on an ex- 
clusive oat diet. They all succumbed to scurvy and died on an 
average in 24 days. The course of the disease was the usual one. 
The symptoms appeared on about the 15th day after dieting was 
begun. The feces changed in color progressively from light 
brown to dark brown and then to almost black. The texture of the 
feces also changed from firm, well formed pellets to pasty masses 
which later became fluid in consistency. Several days before 
death blood was usually prominent in these discharges. 

At autopsy the animals presented the anatomical picture of 
scurvy already described. The cecums of nine animals were con- 
gested; two showed impaction of feces as well as congestion; of 
the remainder, seven were negative and the condition of two was 
not recorded. The results are given in Table I. 

Oatmeal.—Two animals on an exclusive oatmeal diet began to 
decline in weight at once, though the meal was eaten to some ex- 
tent. The scanty feces were black and pasty. On the 7th day 
one animal died showing early symptoms of scurvy; the other 
was then given calcium lactate and sodium chloride ad /ibitwm, 
and 1 gm. each of butter and dried brewers’ veast as a daily sup- 
plement to the oatmeal. This animal gained weight at once and 
recovered in 10 days almost all it had lost; but during this re- 
covery it developed all the striking symptoms of scurvy. An 
intussusception caused death on the 22nd day of the experiment. 
Autopsy revealed the classical picture of scurvy. In additton, 
there was in both these animals impaction of feces as well as 
congestion of the cecum (see Table I). 

Oats and Yeast.-Two animals were fed on oats and | gm. of 
dried brewers’ veast daily, the latter being added with the intent 
of furnishing the water-soluble vitamine known to be essential 
for nutritive well-being in the case of other species. The guinea 
pigs survived 12 and 15 days respectively, and exhibited only a 
comparatively small loss in weight. At no time during the course 
o. the experiment were the usual symptoms of scurvy noted. 
Autopsy revealed in both animals a certain amount of hemorrhage 
in the walls of the alimentary canal, but the cecums appeared 
normal in this respect, and exhibited no impaction of feces. How- 
ever, only one animal showed signs suggestive of scurvy in the 
bones. Although the results of this series are ineonelusive, our 
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other experiments seem to indicate that yeast has no effect upon 
the production or symptoms of scurvy. For instance, in the pre- 
ceding experiment with oatmeal, yeast was added among other 
things to the diet, but there seemed to be no effect upon the course 
of the disease. An addition of about 3 per cent dried yeast to 
the soy bean mixture described further on, also proved ineffective 
in preventing the disease. 

Oats and Butter —Two young animals were each given oats and 
1 gm. of fresh butter daily; the latter being intended to supply 
sufficient fat-soluble vitamine. Though the butter was eaten 
greedily, the animals began to drop in weight at once, losing about 
25 per cent ina week. On the 9th day one of them died, but the 
other was saved with fresh cabbage and carrots. At no time 
did these animals exhibit tenderness or swelling of the joints; but 
this is easily accounted for by the fact that nutritional failure 
came too rapidly for marked symptoms to become evident. Au- 
topsy of the animal that died revealed subperiosteal hemorrhages 
near the knee joints. The congested cecum was impacted with 
feces. In some other diets, butter was fed as a supplement after 
scurvy had appeared, but there was no effect on the course of the 
disease (see Table I). 

Oats, Calcium Lactate, and Sodium Chloride.—Three young ani- 
mals were placed on this diet. The calcium salt was fed ad libi- 
tum in 5 per cent solution, while a crystal of rock salt’ provided 
the other ingredient. Two of the animals died in 14 and 15 days 
respectively, and though they showed no marked symptoms of 
scurvy during life, they presented the typical picture on autopsy. 
The third animal, though lighter in weight than the others, did 
not succumb until the 27th day. It began to show signs of ten- 
derness and enlargement of the joints on the 7th day, the symp- 
toms becoming more acute as time progressed. 

These animals did not lose weight like those on an exclusive oat 
diet. In fact, they gained somewhat during the progress of the 
experiment; and at the end they were not very far below their 
initial weights. All showed congestion of the cecum, but only 
two had impacted feces at autopsy. 

Apparently these inorganic salts improve the nutritional qual- 
ity of the oats, but they do not affect the course or symptoms of 
scurvy in an appreciable manner. This fact is borne out by the 
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experiment with the oatmeal diet, in which the addition of the 
above inorganic salts along with yeast and butter failed to check 
the disease (see Table I). 

Exclusive Barley Diet.—Two young animals were given an ex- 
clusive diet of seed barley. They ate this well, and maintained 
themselves without much loss in weight to the end of the experi- 
ment. On the 10th day, the whole barley grain was stopped and 
the ground, unsifted seed substituted, so that the animals could 
‘at it more readily. On the 10th day, one animal showed first 
signs of scurvy, and succumbed by the 16th day. The other 
died on the 18th day, also showing slight symptoms. Autopsies 
confirmed the clinical diagnoses, though the hemorrhages around 
the bones were not very marked. Only one animal had an im- 
paction of feces in the cecum (see Table 1). 

Soy Bean Flour.—It became increasingly evident to us that the 
customary method of producing scurvy in the guinea pig with the 
monotonous cereal diet is open to several points of criticism. The 
protein may be inadequate cither qualitatively or quantitatively, 
or both. The inorganic salts are deficient, as we have indicated; 
and from the standpoint of McCollum the physical texture of the 
dietary may be unsatisfactory. Our work therefore led to a 
search for some better food material capable of dietary analysis. 

The studies of Daniels and Nichols (1917) and of Osborne and Mendel 
(1917) upon the nutritive value of the soy bean suggested this material as a 
suitable basis for our experiments. The authors mentioned have demon- 
strated that the nitrogenous components of the soy bean are adequate for 
maintenance and growth, and that their utilization is good. Sodium, eal- 
eium, and chlorine are lacking. There is also present in the soy bean a 
liberal amount of the water-soluble vitamine and at least some of the fat- 
soluble vitamine, 


In our early attempts to feed soy bean flour? we tried without 
success to induce our animals to eat it raw. Accordingly the flour 
was mixed with water into a paste which was dried at 70—-80°C. 
This likewise was not readily eaten. Another modification of the 
diet proved only slightly more satisfactory. A mixture was made 
containing 100 gm. of raw soy bean flour, 4 gm. of sodium chloride, 
4 gm. of caleium lactate, 4 gm. of dried brewers’ yeast, and 125 


> The soy bean flour was furnished by the Cereo Company, Tappan, 
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TABLE LI. 


Some Scurvy-Producing Cereal Diets. 


No. 


Weights. 
= Diagnosis. Remarks. 
Whole oat grains. 
gm. | gm. gm. | days | | 
353, 210 | 25 | Scurvy. | 
| 486 | 506 | 317 | 30) Heated soy bean flour added 
i | | | on 24th day; eaten slightly. 
| | | Died of pneumonia. 
9 | 330/354] 181) 2/ “ | 
Si 
9 | 286 | 296 | 172; 22| 3 | 
9 | 365 | 365 | 189 | 22 | a | Impacted cecum. 
| 908) 322/198) 22) | 
? | 201 | 228 | 136 | 2: | Impacted cecum. 
@ | 372 | 412 | 240] 24 | | 
9 | 383 | 2) 
9 | 375 | 375 | 200} 23) 2 
| 472 | 510 | 315] 23 | | 
2 | 460 485 | 267 | 30) Added 1 gm. dried cabbage 
| | | | on 25th day; not readily 
| ! | | | eaten. 
2 | 385 | 393 | 248 | 24 | “ Added 50 ce. milk on 20th 
| | | | day. 
7 | 432/388 | 263/ 24; « ‘ “ 
o | 427 435 | 258 | 27 | vy Added 1 gin. dried cabbage 
| | | on 24th day; partially con- 
| | | | sumed. 
Oatmeal. 
9 245 | 245; 198 | 22) Seurvy. | On 7th day added daily 1 gm. 
veast, 1 gm. butter, and 
NaCl and Ca lactate ad 
libitum. Dhied of intussus- 
| | ception. 
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TABLE [—Concluded. 
Weights. | 

q te Bet | 

> one 

Oats and dried yeast. 
gm. gm. gm. | days | | 
173 173 145 i 12 r 
Oats and butter. 

| | | 134 9 Seurvy. 

38 | | 199) 190 | 139 “2 Saved on Oth day with fresh 
cabbage and carrots 
Oats, calcium laetate, and sodium chloride. 

44) 9 | 148) ISS) 130 Seurvy. Impacted cecum. 

45 | 9 | 153/175 160, 14 

46 | | 140 | 145 110 Tmpacted cecum 
Barley. 


Iinpacted cecum 


39 | 9 | 157 | 158 | 135 | 18 | Seurvy. 


155 | 139) 16 
ec. of fresh, raw Jersey milk. These were made into a paste and ¥ 
dried on a radiator at 70-80°C. The animals ate this somewhat : 


more readily than the previous mixture, though by no means i 
freely. Upon this diet an animal barely maintained its weight. ve 


Svmptoms of scurvy appeared early,—about the Sth day; and a 
then followed great loss in weight which would have resulted in ' 
death in perhaps 6 more days had curative measures not been ae 
instituted. A supplement of 10 gm. of fresh cabbage daily was ie 
tlso scarcely enough to enable the maintenance of weight, though ie 
it prevented the appearance of scurvy. The stools were pasty a 
and diarrheal from the very beginning of dieting, though no blood : 


was present. Another noticeable feature was the marked diuresis 
in these animals. 

It thus became evident that raw soy bean flour was not a satis- 
factory food for guinea pigs because they failed to eat it readily. 
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Osborne and Mendel have shown, in the case of the rat, that sov 
bean meal is not eaten readily when raw, but that cooking the 
food makes it more palatable. Certainly, cooking the flour or 
meal changes its flavor decidedly, giving it a taste similar to 
that of roasted peanuts; whereas the unheated materiAl has the 
favor of raw peas or beans. Our next series of experiments indi- 
eated a stmilar preference in the guinea pig. in that the cooked 
sov bean flour was consumed with eagerness. 

In order to provide a untform and reproducible procedure the 
soy bean flour was heated in an autoclave for 30 minutes at 15 
), this method being followed im all ex- 
periments where heated sov bean flour was fed. To correct the 


pounds pressure (120°C, 
deficiency in inorganic constituents about 8 per cent each = of 
sodium chloride and caletum lactate was added. We have no 
conclusive evidence as vet to indicate that heating under the 
conditions stated will leave unaltered the recognized essential 
dietary accessories (vitamines) in the soy bean flour. Aceording 
to Chiek and Hume the antiscorbutie vitamine, if such CXISts, IS 
exceedingly sensitive to high temperatures. We therefore de- 
cided to add to the diet a liberal amount of water-soluble vitamine 
in the form of dried brewers’ veast (3 per cent), and of fat-soluble 
vitamine in the form of fresh, raw Jersey milk in quantity suf- 
ficient to add 5 per cent of butter fat. The milk also supplied 
additional water-soluble vitamine. These materials were mixed 
into a paste and then dried over a radiator at 70-S80°C. for about 
2 days until all the water was driven off. 

This soy bean cracker was fed to two animals that ate it with 
great readiness. They gained in weight very rapidly,—better 
than on the usual carrots-cabbage-oats diet. At first their ap- 
pearance was satisfactory. On about the 10th day, however, they 
exhibited a tenderness of the wrist and ankle joints, though thev 
were still eating well and gaining in weight. Then the condition 
hecame more severe. The joints swelled to twice or three times 
the normal diameter, and spontaneous fracture of the wrist oe- 
curred in one animal. Appetite diminished, and a sharp nutritive 
decline ensued. Curative measures mentioned below were 
instituted. 

A number of other animals were put on this diet and all ex- 
hibited the identical clinical symptoms described above. Marked 
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diuresis Was present, a condition always cecurring where the above 
salt supplement was added. The feces very early became of a 
pasty consistency and then almost fluid. TToward the end blood 
Was sometimes present in the feces, though not very frequently. 

Apparently the foregoing diet is satisfactory from the nutritive 
standpoint in every way except (1) the physical texture is poor in 
that roughage is lacking, and (2) an antiscorbutic property is 
absent. As will be seen later, we have attempted an analysis 
of this problem. 

A feeding experiment with a ready made mixture of one-third 
soy bean flour, two-thirds whole corn-meal, and a little bone-ash 
also produced symptoms of seurvy, but in this ense there was 
marked constipation (see Table IT). 

Contrary to the unfavorable effect of the sov bean diet on the 
nutrition of the guinea pig, we have found the same food mixture 


TABLE If, 


Scurvy-Producing Noy Bean Diets. 


Weichts. 

Unheated sov bean flour. 
gm. | gm. | gm. days 

87 | 9 | 315 |°315 | 224 240 Seurvy. | First symptoms in 9 days. 
For last 10 days received 20 
per cent lactose with diet. 

St > | 286 | 286 | 259 Normal. Reeeived 10 gm. raw cabbage 


daily. 


Sov bean “cracker.” 
55 Q BIS) 882.273) 19) Seurvy. | Saved 19th day, with 10 gm. 
| | | | raw cabbage daily. 
Saved on 20th day with 3 


56 | 9 | 2631340! 20) 
| | gm. dried cabbage daily. 


Soy bean flour-whole corn meal-bone ash mixture. 


151 | os | 120 | 136 | 114 13 | ? | Constipation marked. 
153 | | 205 | 205 168 | 12) Seurvy. 
154 | # | 303 | 304 | 224} 19) | 
155 | 276 | 276 | 17: 
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to be adequate for the rat. For example, six rats living on this 
diet for more than 100 days grew at a normal rate and developed 
no evident nutritive defects. Two of them were anesthetized 
and carefully autopsied, but they revealed none of the usual ma- 
croscopic signs of scurvy. This is what one would expect in the 
light of the experiences of Osborne and Mendel (1917). This 
difference in response of the guinea pig-and rat to comparable 
diets has been pointed out by MeCollum and Pitz and by Funk. 


Milk’ in the Production of Scurvy. 


Jackson and Moore have shown quite conclusively that either 
raw or heated milk will produce scurvy in the guinea pig. They 
note that the younger animals succumb most readily while older 
ones will continue for quite a while before exhibiting noticeable 
symptoms. MeCollum and Pitz have used fresh milk and oats 
as the basis for their experiments, but apparently fail to recognize 
the difference in susceptibility in animals of different age. They 
ascribe some of their divergent results to an inherent unsuitability 
of the guinea pig to nutritional experimentation. However, 
neither Jackson and Moore nor MeCollum and Pitz give any ree- 
ord of the daily intake of milk for each animal. They merely 
state that the milk was fed ad libitum, henee there is no means 
of knowing the intake. 

The significance of this becomes immediately apparent in the 
light of the reeent work of Chick, Hume, and Skelton (1918), who 
found that a large daily ration of milk was required to prevent 
the onset of scurvy in the guinea pig. Indeed, according to them, 
a diet almost exclusively of milk became necessary. Short of 
this they were unable to prevent scurvy, although the onset of 
symptoms was delaved and growth of the animal maintained in 
proportion to the quantity of milk consumed daily. They found, 
for example, that when 30 to 50 ec. of raw milk were taken daily, 
death from scurvy ensued in about 80 days. When 50 ec. were 
eonsumed daily, the life of the animal was prolonged to 75 days. 
When the daily intake of milk ranged from 85 to 135 ce., good 
health was maintained throughout the 3 months of their experi- 


3 Cow's milk only is referred to in these statements. In our experi- 
ments fresh, raw Jersey milk of ‘‘certified” grade was nearly always used. 
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ment. These results are remarkably consistent and help to ex- 
plain the results we have obtained in feeding milk.! 

Four half-grown animals were started ona diet of oats and 35 
ec. of milk daily. The amount of oats eaten varied considersa- Rig 
‘bly. On some days 20 to 30 gm. were ingested per animal; on ae 
others, the consumption fell to about 5 gm.; howeyer, in the main, 
the oats were consumed in considerable quantity until the daily 
amount of milk was greatly increased. At first, water was kept oy 
from the animals lest its use might tend to reduce the consumption ud 


of milk, but later this was found not to be the case. On the con- DH 
. . . = 

trary, theanimals at all timesdrank the milk in preference to water. } q 

Accordingly, distilled water was always made available freely. 

7 These animals gained weight somewhat or maintained themselves ig 

for about 25 or 30 days, whereupon they began to lose very slightly. il 

Che oldest animal broke a leg in a fall of 2 feet from a shelf to 
| 
the floor. It was also observed that all of them failed to show the iy 

usual alertness. However, tenderness of the joints was not yet a 
observed. On the 29th day, the daily amount of milk was in- ae 

creased to 40 ce. per animal; on the 34th day, to 50 ce. On the | if j 


36th day all the animals exhibited tenderness of the joints, while 
two (the heaviest and the lightest) had distinct enlargements of 
7 the knee joints. On the 40th day, the daily milk ration was in- 
creased to 60 ce., and on the 43rd day to 70 ce. This was eon- 
; tinued for 15 days, during which two animals gained in weight, 
one maintained itself, and the fourth died. Then after the 58th 
day, two of the animals were given 100 cc. of milk daily, while 
the third was continued on 70 ce. with a daily supplement of | 
gm. of dried veast. The animals receiving 100 ce. of milk soon 
began to drop in weight. After 8 davs they stopped taking more 
than about 35 to 65 ce. The cecums could be palpated and indi- 
‘cated that there was impaction of the feces. On the 64th dav 
death ensued. The animal on 70 ce. of milk plus 1 gm. of dried 
veast dailv survived until the Olst day. 

Two vounger animals started on the oat and milk diet when 
weighing about 175 gm. Following an initial intake of 15 cee. 
daily, the amount was increased on the 16th day to 30 ece.; on the 
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* Funk likewise states that large quantities of milk are needed to pre- 
vent scurvy. 
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TABLE 
Mill: and Oats. 
Weights. 
2 gig 
gm gm. gm. day: 

Milk intake of each 35 ce. 
daily. Increased to 40 ce. 
34th day. Symptoms ap- 
increased to 60 ee. on 40th 
and on dSth day, Nos. 
10 received 100 ce. daily. 
ie Autopsies revealed marked 
i | impaction of feces. 

1] 100 42600 27S Seurvy.?). Reeeived on 58th dav addi- 
be tion of 1 gm. dried veast 
also, 
31.8) 238 Seurvy(?).. Milk increased progressively 
re | from 15 to 80 ec. daily on 
665th day. Discontinued on 
| day. (SeeTable V.) 
32 | | 274/| 198 Not Milk increased progressively 
! SCUrVY. from 15 to 70 ec. daily on 
3ist day. Contracted 
| pneumonia on 52d day. 
92 128153 123. 26 Scurvy. First symptoms on 11th day. 
On 21st day added mixture 
| of 20 per cent lactose and 
| 80 per cent oatmeal. 
93 | 2 | 268 | 300; 170; 27 | wi First symptoms on 15th day. 


On 2Ist day added mixture 
: of 20 per cent lactose and 
| SO per cent oatmeal. 


2Ist day, to40 ce.; on the 27th day, to 50 ec.; and on the 31st day, 
to 70 ce. Painful joints were in evidence on the 23d day while 
the animals were still gaining in weight. The abdomens became 
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distended and the coats less sleek. On the 57th dayv-ean animal 
succumbed to pneumonia. The other continued on this diet to 
the 76th day as reported below, when curative measures were 
attempted with dried cabbage. 

Autopsies of the five animals that died on the oat and milk diet 
revealed only shght lesions of seurvy in one of them. Tour 
showed no subperiosteal hemorrhages or tragility of the bones. 
A questionable enlargement of the joints was found in two esses. 
The fifth (the animal that had broken its lew) did show marked 
enlargement of the joints and great fragility of the bones. In 
none of these animals was there any sign of hemorrhage, subeu- 
taneous, Intramuscular, or subperiosteal. All of them exhibited 
tnost decided impaction of feces in the cecum which was distended 
with chalk-colored, hard, drv material (see Table IIL. 

With these facts before us, our diagnosis on autopsy was us 
follows: In three cases there was constipation without scurvy; 
In one case death was due to pneumonia, constipation being 
present and scurvy absent; and in one case constipation accom- 
panied scurvy. These conelusions are based solely on macro- 
scopie examination of the tissues. 

Milk forms a singularly constipating diet, especially for the 
ruinea pig; and it seemed apparent that two of the animals died 
because the milk intake was increased from 70 to 100 ce. daily. 
Observations on the other animals also showed the constipating 
character of the diet. It is natural to assume that if constipa- 
tion is the predisposing or causative agent of scurvy, a prolonged 
period on a constipating diet will produce more severe svmptoms 
of the disease. Yet our experiments reveal a different outcome 
apparently. By the end of the first 25 days of dieting, while the 
animals were receiving a comparatively small amount of milk, 
they developed noticeable clinical symptoms of scurvy. Then, 
as the amount of milk was progressively increased the symptoms 
receded in intensity,so that at autopsy the usual picture of scurvy 
was practically missing. 

These results fit in very closely with the findings of Chick, Hume, 
and Skelton. It should, of course, be remembered that their ex- 
periments were preventive in nature, while those here reported 
might be deseribed as curative. 
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Relation of Roughage to the Production of Scurvy. 


MeCollum and Pitz have repeatedly stressed the argument 
that scurvy is due to unsatisfactory physical factors in the diet 
and to injury wrought through the agency of microorganisms In- 
habiting the alimentary canal,—not to the lack of an antiscor- 
butic vitamine. They have presented experimental evidence 
claimed to all but prove their point. 

As a scurvy-producing diet, they fed oats and fresh raw milk 
ad libitum, and directed their attack upon the problem of hasten- 
ing the elimination of the feces. We have already indicated from 
the work of Chick, Hume, and Skelton, and from our own ex- 
periments, that milk, unless consumed in limited quantites, may 
he the opposite to a securvy-producing diet. 

If physical factors of the diet are primarily responsible for the 
production of seurvy of the guinea pig, as the hypothesis of Me- 
Collum and Pitz would postulate, then suitable changes in the 
quality and quantity of roughage may be expected to produce 
somewhat corresponding changes in the course and symptoms of 
scurvy. With this point in view, we have tried a number of 
diets in which the roughage factor was varied within the experi- 
mental limitations. Obviously, fresh succulent vegetables such 
as have been proposed cannot be used to solve the problem, for 
they may contain accessory substances (vitamines, ete.) beside 
the bulk-giving cellulose. Therefore a number of inert, indi- 
gestible materials were incorporated in seurvy-producing diets in 
order to study this single roughage factor. 

Oats and Sawdust.—It has already been amply shown that a 
diet of oats alone will produce scurvy in a short time. The fol- 
lowing Was an attempt to repeat Farnam’s work under closely 
comparable conditions. The animals were bedded on clean saw- 
dust which was changed three times weekly. Three pigs on 
this diet died in 15, 20, and 21 davs respectively. They all ate 
more or less of the sawdust as could be seen by the feces, though 
the exact amount consumed was not measured. Autopsy also 
showed this material in the alimentary canal. Only one animal 
had a shght impaction of feces in the cecum, whereas the others 
had fluid feces. The usual findings of scurvy were present in all 
the animals. The time of onset of the disease or death was not 
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appreciably different from what is found on an exclusive diet of 
oat grains (see Table IV). 

Oats and Filter Paper.—Three animals were placed on an oat 
diet, and shredded filter paper was supplied ad libitum. Early 
in the experiment, about 3 gm. of paper were consumed per guinea 
pig per day. This continued until about 3 days before symptoms 
of scurvy beeame evident, when no more paper was eaten. The 
animals died in about 20 davs, all with signs of scurvy. The usual 
picture was found at autopsy. Two of the animals had impaction 
of feces in the cecum; in the third, the feces were fluid (Table IV). 

Oats and Hay.— Two animals on this diet first showed symptoms 
on the 15th day and succumbed about the 21st day. Their curves 
of body weight were similar to those of animals on an exclusive 
diet of oat grains. The feces did not change in consistency. The 
pellets were well formed though blackish instead of light brown. 
Autopsy showed the usual picture of scurvy, with no impaction 
of feces in the eeeum (Table IV). 

Oats, Hay, and Cod Liver Oil.-Three animals were placed on 
this diet. The hay was provided as bedding, and 1 ec. of cod liver 
oil was given daily. The curves of body weight were practically 
the same as those of animals on oats alone or oats and hay. Two 
succumbed on the 24th day and one on the 26th day of dieting. 
The symptoms of scurvy appeared about the 18th day. The usual 
picture was seen at autopsy, except that congestion of the vis- 
cera was marked. The ceecums had some hemorrhagic patches 
and contained a little fluid feces. The constipation,’ noted 
by MeCollum and Pitz in comparable diets, was not evident in 
these animals. The use of cod liver oil was suggested by the ex- 
periments of Hess and Unger (1918); and the appearance of scurvy 
on this diet suggests that rickets is probably not a complicating 
factor in view of the reported specific action of cod liver oil upon 
rickets (see Table IV). , 

Soy Bean “Cracker” plus Cellulose.—Even after being supple- 
mented by inorganic elements, and addition to its content of 
fat-soluble and water-soluble vitamines, soy bean flour whether 
heated or raw failed to prevent scurvy. It next became necessary 
to learn whether alteration of the physical texture of this diet 
would change its securvy-producing property. 
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TABLE IV. 


Scurvy-Producing Diets Containing Roughage. 


oa Weights. | | 
| 2 Diagnosis. Remarks 
| | & | | 
Oats and sawdust. 
gm. gm. gm. | days | 
51 | | 319 | 323} 198 | 20] Scurvy. | 
58 | | 353 | 353 | 222] 21 | = Impacted cecum. 
| 60 | 9 | 364 | 364 | 222) 15) a 
| | 
: Oats and filter paper. 
| 410 4200 261.) 21) Seurvy. Refused to eat paper after 
| | | | 10th day. 
6 | | 268 | 286 | 182); 21 
7 | 9 | 338 | 330) 107 | 19 
| Oats and hay. 
15 | 180) 195) 12600 21 | Scurvy 
i Oats, hay, and cod liver oil. 
| | 967 | 903 | 17g | 941 8 | 
Ee 02 | o | 267 | 293 | 178 | 24] Seurvy. | 
57 | 9 | 354 | 362 | 206) 26) | 
- | ~ | ‘ ‘ 
59 9? 510 | 516 | 220 | 24! 
‘ 
a Soy bean cracker plus cellulose. 
i: 79 | 9 |} 257 | 323; 199 | 25 | Scurvy. | 6 per cent cellulose. 
- > ‘ : » ‘ 
80 | o | 224 | 302; 198; 18 | 
89 | o | 369 | 580 | 545 | 86; Normal. | 6 “ Re- 
| : | | | ceived 10 gm. raw cabbage 
| | | | | daily. 
84 9 | 487) 520; 200 57) Seurvy. | IS percent cellulose. Added 
| | ! | | | 20 per cent lactose on 15th 
: | | | day for 7 days. Decline 
| | arrested with 10 gm. raw 
| | | | cabbage daily on 22d day. 
| | | Discontinued cabbage on 
| | | | day. 
85 307) 845 22300 | Seurvy. | IS percent cellulose. Added 
i | 20 per cent lactose daily on 
| | day. 
90 | | 280/195; 18; “ 
144 
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Thoroughly pulped filter paper was incorporated into the soy 
bean ‘‘cracker,’’ to the extent of 7.2 percent, and butter fat, 4.3 
percent. This ‘cracker’ was very light, and eaten readily by the 
animals. Another lot was made containing 17.9 per cent cellu- 
lose in the form of paper pulp and 6 per cent butter fat. These 
were fed to different groups of animals with uniform. results. 
The symptoms of scurvy appeared in about 10 days, and death 
was certain to supervene a short time later unless curative meas- 
ures were instituted. Impaction of the feces was uncommon in 
the animals on these diets, though injury to the cecum as evi- 
denced by hemorrhage or congestion was often present. 

From the character of the feces in these series, 1t may be said 
that for a while at least (in the first three-quarters of the dieting 
period), the feces more closely resembled the normal in consist- 
ency. This would lead one to conclude that perhaps during this 
period evacuation of the bowels was more readily accomplished 
than on some of the other diets mentioned. If this is true, then ill 
effects due to retention of feces must also have been minimized 
to some extent. Yet in spite of this favorable circumstance, 
there was no appreciable effect upon the disease. Apparently, 
the onset of scurvy does not depend upon a previous condition 
of constipation. 

A consideration of all the facts we can bring together makes it 
increasingly evident that the simultaneous exhibition of consti- 
pation and a certain symptom complex with a given diet are no 
prima facie evidence that the constipation is responsible for the 
appearance of the symptom complex. It may well be that these 
are merely intercurrent conditions. It is easily conceivable that 
constipation, through its complication of the symptoms, may en- 
hance the severity of the disease (ef. Gerstenberger, 1918). 


Antiscorbutie Diets. 


Orange Juice.—This represents the classic agent for curing 
scurvy. A daily dose of 5 ec. added to a scurvy-producing diet 
will preserve the animal in good health indefinitely. When given 
as a curative treatment to scorbutie animals, we have found orange 
juice entirely effective in initiating prompt improvement and 
ultintate cure. For the latter result it is necessary to begin treat- 
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ment reasonably soon, and not to wait until a short time before 
death, when almost irreparable damage has been done to the 
organism. Orange pulp seems to be equally effective as an anti- 
scorbutie (Table V). 

Fresh Cabbage. This is also considered a very effective anti- 
scorbutie agent. We have kept animals for at least 3 months 
on an exclusive diet of cabbage and oats. One female, fed oats 
and about 35 gm. of cabbage daily, reared a litter of three young. 
Animals have also been maintained in splendid condition on soy 
bean eracker plus 10 gm. of fresh cabbage daily for more than 90 
davs. Fresh cabbage will also act as a curative agent if admin- 
istered early enough (Table VV). Our experiments indicate that 
fresh carrots have similar properties. 

Dried Cabbage.— This product was prepared by spreading fresh 
‘cabbage leaves over a radiator at 7O-S80°C. for 2 davs or more. 
About 90 per cent in weight was lost as moisture. This cabbage 
was first tested on an animal that was receiving SO ee. of milk 
daily plus oats ad Wbitum (comparatively little of the oats being 
eonsumed). It had been living for 76 days on an increasing milk 
diet plus oats. For 15 days previously it failed to take much of 
the milk fed, and was beginning to decline. Then 1 gm. of dried 
cabbage and SO ec. of milk were fed daily. The cabbage was con- 
sumed greedily as soon as fed, and there resulted a prompt and 
eontinuous Increase in weight. Within several davs no milk re- 
mained unconsumed. 15 days later, the amount of dried cabbage 
was inereased to 8 gm. daily and was continued for 10 days. 
There was, however, no increase in rate of gain over that secured 
with | gm. Accordingly, the 3 gem. ration was discontinued in 
favor of the lL g@m. This animal has been on 1 gm. of dried cab- 
bage plus SO ce. of milk for more than 110 days and has increased 
in weight from 233 to 590 @m. 

In another case we tried the curative effect of dried cabbage 
after an animal had developed scurvy on soy bean cracker. The 
animal had lost a little over 50 gm. from its maximum, but was 
still well above its initial weight. It was therefore little damaged 
hy the disease as vet. This animal received 38 gm. of dried cab- 
hage daily in addition to the soy bean cracker and immedi- 
ately began to pick up in weight. In 16 days it had gained 121 
gm. and symptoms of scurvy had disappeared. The dried eab- 
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bage was then discontinued, and the animal maintained itself with 
slight increase in weight for 2 weeks longer. At the end of this 
period it began to decline very rapidly to death. 

These examples indicate that the dried cabbage may have acted 


« 
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i in a larger capacity than merely as a type of roughage. In the 
i first case, 1 gm. of dried cabbage represented only a small portion 4 
: of the total daily intake of food. It is estimated that in addition | 
TABLE V, 
‘ Antiscorbutic Diets. a 
Weights. 
Orange juice or pulp. a 
| gm | gm. gm days | 
258 432 113. Seurvy cured. Oat diet; scurvy 12th day and on 
; | | | | | added 30 ce. orange juice. iy 
; : | | | On 35th day changed to 5 itt 
| ee. orange juice plus soy ‘he 
| bean cracker Still living, 
| normal. 
77 415 428 325; 43 Oat diet; seurvy I/th day i 
| | and added 5 ee. orange ie 
juice. Began recovery 
promptly (hloroformed 
on 43d day. showing reced- 
ing lesions of scurvy 
| 406 425 45 Oat diet: seurvy 19th day 
| | and added pulp of orange 
; daily. Began recovery at | Hy 
once. Chloroformed — on 
: 45th dav, showing receding | | 
| | lestons of scurvy. 
364 830 700) 150) Normal. Gave birth to litter of 3 
| | | | which were successfully 
| raised on same diet. This . 
| animal is representative of i of 
| 15 others on diet of oats ag 
| and raw eabbage.- 
THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXXV, NO. 35 
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| TABLE V—Concluded. 

| Weights. | | 

Dried cabbage. 

gm. gm. gm. days | 

31 | 9° | 233) 626) 590, Normal. (See Table IIL.) On oats and 

| | | $0 ce. milk daily. Added 

1 gm. dried cabbage for 
first 15 days, and3 gm. from 

| to 25th day. From 

25th day resumed supple- 

| ment of gm. dried cab- 

| | |  bage daily. 

O61 BOS 807 247 Not seorbutie. Refused to eat last 6 days. 

ii, | Dried cabbage, 3 gm., and 

62 | | 245) 245) 151) “ of pneumonia. Dried 

| | | ‘abbage, 38 gm., and oats. 

70 | 330 478 477 102, Normal. _Chloroformed; no seorbutie 

e | | | | lesions. Dried cabbage, 3 

| | | gm., and oats. 

72 | 9 | 384) 494) 478) 103 Dried cabbage, 3 gm., and 

| | | | oats. 

63 | 9 | 242) 445; 420; 125 | Dried cabbage, 3) gm. and 

| | | | oats. On 68th day change 

| to soy bean eracker plus 1 

| | | gm. dyed cabbage daily. 

Cierminated cereal grains. 

td 349 TO Not scorbutie. On germinated oats. 

65 | 9 | 355] 356) 283) 72) “ 

66 | 9 | 325) 357) 242) 47) 

67 395] 442] 208] 53) “ barley 

68 | | 352) 352} 267, 56) “ 

69 | | 345] 350] 239) 19, “ 

| of pneumonia. 

| to SO ec. of milk, the animal consumed at least 10 gm. of oats 

; when nutrition was restored. Even the 8 gm. of dried cabbage 

ae represented a small part of the total intake, and the ability of the 
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animal to maintain itself for 2 weeks after removal of the dried 
‘cabbage is of significance. 

Five animals placed ona diet of oats and dried cabbage (about 
3 gm. per guinea pig per day) continued for long periods without 
signs of scurvy. One died of pneumonia on the 50th day, and an- 
other apparently of inanition on the SOth day. No macroscopic 
lesions of seurvy were found at autopsy. The other animals 
survived over LOO days without any signs of scurvy (see Table V). 

Germinated Oats and Barley.—Three guinea pigs were placed 
on a diet of sprouted oats, and three others on a diet of sprouted 
seed barley. The animals did not make any considerable gains 
in weight but maintained themselves for a comparatively long 
period. No signs of scurvy were found at autopsy (see Table V). 
This result confirms the report of First (1912). who found 
that germinated oats prevented the outbreak of scurvy in guinen 
pigs, and of Weill, Cluzet, and Mouriquand (1917), who found 
that barley in the 8rd day of germination is a better complete food 
for guinea pigs than is the ungerminated grain. Chick and Hume 
(1917) also report that) germinated cereals and pulses possess 
tnarked antiscorbutie properties. 


Alleged Antiscorbultie Property of Lactose. 


Pitz (1918) has reported that certain carbohydrates appar- 
ently exert a curative or delaving action upon the course of scurvy 
inthe guinea pig. Lactose added in sufficient quantity to a milk 
diet seemed to act as an antiscorbutie, more effectively than did 
dextrin or sucrose. However, acceptance of his observation as a 
fact must be regarded with eaution until certain essential points 
have been clenred up. 

The fact that the quantity of milk ingested by each animal was 
not controlled suggests, as an equally plausible explanation, that 
more milk may have been consumed by those guinea pigs exhib- 
iting recovery from seurvy on the diets of carbohydrate plus 
milk, in the experiments of Pitz. Moreover, the degree of purity 
of the lactose was not stated and is another factor requiring con- 
sideration. Small unsuspected amounts of vitamine are known to 
have been carried along by the lactose used in certain nutrition 
experiments with isolated foodstuffs (Drummond, 1916). 
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Two yvoung animals were placed on a diet of 30 ce. of milk 
daily plus oats ad libitum. They developed symptoms of scurvy 
in 11 and 15 days respectively. On the 2Ist day they were 
changed to a diet consisting of 20 per cent lactose’ and 8O per cent 
oatmeal plus 30 cc. of milk daily. This did not seem to affect 
the course of the disease and both animuls were dead on the 27th 
day (see Table II], Nos. 92,938). It may be, however, that cura- 
tive measures were not begun soon enough in these cases. 

Seven animals that had contracted seurvy on the soy bean 
eracker diet were given 20 per cent lactose in addition to this 
diet, without any appreciable effect upon the course of the disease 
being noted (see Table IV). One guinea pig given a_prophy- 
lactic treatment of 20 per cent lactose added to the soy bean 
diet, died in 28 days. There was no opportunity to study the 
effect of a less pure lactose, and we therefore do not know whether 
the suspected impurity of the lactose may be responsible for the 
antiscorbutic action such as has been reported by Pitz. The 
results here reported do not confirm his findings. 


DISCUSSION, 


It is clear from our experiments that the so called water-soluble 
and fat-soluble vitamines, so significant in the nutrition of cer- 
tain species, are not the primary factors concerned in the scurvy 
of the guinea pig. Moreover, while an addition of inorganic salts 
improves the nutritive quality of such seurvy-producing diets as 
cereal grains, it has no effect upon the disease. This is in agree- 
ment with the findings of MeCollum and Pitz and of Chiek and 
Hume. 

A food mixture like our soy bean cracker, which presumably 
contained all the known essentials of a perfect diet, failed to pre- 
vent scurvy in the guinea pig. Yet addition of small amounts of 
orange juice, raw eabbage, or dried cabbage prevented or cured 
the disease. Like some other diets, the soy bean cracker was able 
to maintain rats in apparent good health for a long period while 
guinea pigs failed upon it. This shows an apparent difference 
in the food requirements of the two species. Whether this dif- 


> The lactose of the highest purity obtainable was prepared by Dr. C. 3. 
Hudson, of the Bureau of Chemistry, Washington. D.C, 
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ference is merely qualitative or quantitative is as vet difficult 
to decide. It may also be that the manifestations of scurvy in 
the rat are more obscure and develop more slowly than in the 
eulnea pig. 

It has been found in the foregoing experiments that dried eab- 
bage apparently exerts some antiscorbutie effect. This result is 
contrary to the findings of Holst and Frolich and of Chick and 
Hume, who reported the failure of dried vegetables to prevent or 
eure scurvy. It appears that there is here a factor at play which 
has not been wholly under control.® 

It is highly improbable that constipation is the predisposing 
eause of scurvy, as can be seen from our results in feeding milk. 
A small amount ingested daily permitted the onset of svmptoms of 
scurvy, While larger quantities, which were not less constipating, 
caused the seorbutic svmptoms to disappear. Moreover, aids to 
the ready elimination of feces, like differing amounts and kinds 
of roughage, caused no corresponding change in the course of the 
disease. Contrary to the findings of McCollum and Pitz, Hess 
(1918) was unable to protect or cure animals with daily additions 
of mineral oil to a seurvy-producing diet. Neither was he able 
to induce active scurvy ina latent case by the production of marked 
constipation with morphine. Recently, this author? reported the 
cure of scurvy by means of intravenous injections of orange juice. 
This successful antisecorbutic effeet, produced by parenteral treat- 
ment, apparently was not due to specific relief from constipation or 
its attendant intestinal complications. | 

(On the other hand, one must not forget that marked scorbutic 
<vmptoms have been induced in guinea pigs on laxative diets. In- 
fantile scurvy has also been found to occur quite as often in con- 
nection with diarrhea as with constipation (cf. American Pediatrie 
Society Committee, 1898). It seems clear, therefore, from the 
foregoing facts that constipation is not the causative factor in 
scurvy as MeCollum and Pitz would have us believe. It) must 
be remembered that the vital resistance of a scorbutic animal is 
undoubtedly lowered, thus rendering it more susceptible to un- 
favorable conditions like infections and toxemias. 


Givens, M. and Cohen, B.. Brol. Chem., xxxviv in press. 


Hess, A. FL, Proc. Soc. Exp. Biol. and Med., May 15, 
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The suggestion of Pitz that lactose acts as an antiscorbutic 
through its influence on the intestinal flora cannot be aecepted 
without more convincing evidence. We know that the inges- 
tion of comparatively large amounts will change the intestinal 
flora to an acidophilic type; and it is reasonable to expect a cor- 
responding alteration of intestinal conditions. This, however, 
eannot be termed an antiscorbutic effect. The experiments re- 
ported by us do not reveal any such quality in highly purified lac- 
tose fed in carefully controlled diets. 


SUMMARY. 


Kxperimental scurvy of the guinea pig is demonstrable at will 
with suitably chosen diets. 

exclusive diets of cereal grains like oats and barley produce 
the disease. Germinated oats or barley prevent the appearance 
of scurvy even when fed for comparatively long periods. 

Scurvy arises on a diet of sov bean flour, even when the latter 
is supplemented with fat-soluble and water-soluble vitamines, 
inorganic salts, and cellulose. 

Small additions of raw milk do not prevent the onset of scurvy. 
Larger quantities cause the symptoms to disappear. 

ftoughage in the diet plays. if anvthing, a minor accessory réle 
in the prevention of scurvy. This disease is not essentially de- 
pendent upon constipation as a causative factor though the lat- 
fer may aggravate the svmptoms. 

Cabbage seems to retain some antiscorbutic properties even 
when dried. 

Contrary to certain current statements, highly purified lactose. 
fed in conjunction with a seurvy-producing diet, does not appear 
to have any effect upon the course of the disease. 
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ADDENDUM. 

Since this paper was sent to press the following papers of in- a 

. 

terest In relation to our experiments have appeared: Bit 

Rappleve, W. C., note on experimental scurvy in the guinea pig, 

Boston Med. and Surg. J., VOUS, elxxix, OS. a 

Chick, H., Hume, M., and Skelton, R. The antiscorbutie value 

of cow’s milk, Biochem. J.. VOUS, xii, 131. 

Harden, A.. and Zilva, S. S., The differential behaviour of the anti- | Be 


neuritie and antiseorbutie faetors towards adsorbents, Brochem. J., 1O18, 
xu, 93. 


These contributions contain numerous items in accord with 


our experience and our interpretations. 
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ON INDICATORS IN ANIMAL TISSUES. 
By W. J. CROZIER. 


Contributions from the Bermuda Biological Station for Research, No. 93. 
(Received for publieation, June 17, LOTS.) 


|. With the hope of discovering in the tissues of marine animals 
intracellular pigments capable of behaving as indicators of acidity, 
and having in mind also the possible stenificanee of such materials 
for the general theory of animal pigmentation in its more purely 
biological aspects, | have from time to time made examination of 
coloring matters extractable from) various pigmented animals. 
The occurrence of substances of this kind [ find to be relatively 
frequent. A few of them seem adequately situated within the 
organism, and of an appropriate delicnev, so far as their color 
changes are concerned, to be capable of affording some indication 
of the normal intracellular acidity. By far the most satisfactory 
of these substances, however, is the one which L have already 
studied in Chromodoris zebra (Crozier, 1916a). 

Table I gives in outline some of the more obvious characteristies 
of a number of pigment substances, from: various marine tnverte- 
brates, which exhihit reversible acid-alkali color changes. The 
acidities at the points of color transition were determined in several! 
wavs; most usually, by adding a small volume of the concentrated 
pigment extraet to “buffer” mixtures of known acidity. in other 
cases by determining the hydrogen ion concentration im solutions 
in which the respective substances appeared to be “neutral.” 
It is, of course, necessary to employ freshly prepared extracts; 
most tissue pigments are bleached by sunlight and air, or changed 
in other ways on standing in solution. Except in one = case 
(Chromodoris zebra), no effort was made to determine the per- 


' These observations were made with indicators and gas-cell apparatus 
obtained, for use mainly in the study of another problem, through a grant 
from the C. M. Warren fund of the American Academy of Arts and Sei- 
ences to the Director of the Station. 
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centage transformation of the indicator required for a— visible 
“end-point.” In this one instance the percentage transformation 
was 23 to 27 per cent,—about at the limit of usabilitw for ‘eood 
indicators’ tn ordinary titrations. 

These notes supplement a previous brief article om incientors 
in animal tissues (Crozier, LOL6b), and are now published be- 
enuse the investigation is not to be continued tor the present, 


1. Sponge A. -A brilliantly vellow sponge, found usually in shore caves. 
The surface of the sponge substance is thrown into sharp prominent con- 
ules, connected with the body by thin ridges. The outermost region of 
these thin projections is frequently purple: fine purple streaks oecuron 
the body surface generally. The vellowest individuals are found in the 
darkest situations: in more illuminated locations the intensity and extent 
of purple coloration is greater. They are sometimes (rarely) found, freely 
exposed to the sun, upon the carapace of a ‘‘deeorator erab’’ (Uithras): 
in this case, the whole sponge is usually deep lavender or purple in color. 
The pigment is soluble in water, is made bright vellow by acids, and blue 
to purple by alkahes. These colors are very like those of alizarin-sul- 
fonate solutions. After death, the substance of the sponge becomes dark 
purple. Alkaline solutions precipitate the substance in purpleform. The 
vellow solutions exhibit a general absorption in the blue region of the 
spectrum, with, possibly, a weak band in the blue-green. 

?, Sponge B.— 1) Brownish in external appearance, growing attached 
to the lower portions of //alimeda and other plants ina mangrove “creek.” 
The inner substanee of the sponge is a deep searlet color, the thin outer 
eoating deep brown. The searlet pigment, extracted with water, gives a 
clear erimson solution with deeided brown dichromaticityv.  Alkales make 
this extraet brownish vellow or orange: acids, violet. These color changes 
are very vivid, instantly effeeted by weak NH,OH or by butyric acid, and 
freely reversible. Acid solutions slowly precipitate the pigment in pur- 
plish floeculent masses. Neutral solutions when acidified, lose their brown 
dichromaticity, which, however, reappears on neutralization. The ab- 
sorption spectrum does not differ materially in acid, neutral, or alkaline 
solutions. In thin lavers, two well defined bands are shown. one in the 
vellow-green and another in the green-blue; the former is the more pro- 
nounced, and is resolvable, in dilute solutions, into a minor band in the 
vellow and a major one in the vellow-green. 

The pigment may be ‘‘purified’’ by repeated precipitation with aeid 
and re-solution in weak alkali. In dilute solution the color change of this 
‘purified’ pigment is very sharp. Its behavior strongly suggests that the 
eolor of this substance is largely determined by its state of aggregation. 

i) By the action of coneentrated NH,OH for 24 hours, the purple 
precipitate filtered from an acid solution was first made deep brown (like 
the outside of the living animal), and subsequently dissolved toa green solu- 
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tion, which was decolorized (but not made scarlet) by acid. The change, 
green __ colorless, was reversible, but the material was quickly destroyed 
and precipitated in acid solution. The green solution gave a pronounced 
absorption band in the red-orange. 

Sponges A and B were unidentified members of the Aplysinida, in one 
genus of which Krukenberg long ago found a material apparently not un- 
like that deseribed for A. These substances have also considerable super- 
ficial resemblance to the “‘spongioporphyrin’’ of Lankester and MaeMunn. 
The deseriptions of various Aplysinas in taxonomic works (based on pre- 
served specimens) seem to show that similar pigment materials are quite 
generally distributed among the representatives of this family.2 One gains 
”) differences exist in the 
pigments of different allied species analogous to the specific differentiation 


the impression that possibly (stereochemically 


of tissue proteins. 

3. Velella velella (L.).—The blue pigment of this colonial hvdrozoan 
gives an orange extract with 70 per cent alcohol. It is made bright orange 
by alkalies, decolorized by acid. 

4. Stichopus moebii Semp.—TVhe most anterior portion of the esophagus 
of this large holothurian contains “‘echinochrome,”’ which is normally of a 
reddish purple hue. Alkalies intensify the color, and with acids it be- 
comes bright orange. The pigment cannot satisfactorily be extracted. 
This ‘“‘echinochrome”™ is apparently not so well situated for penetration 
studies as in the holothurian studied by Harvey (1914). 

5. Mellita sexciesperforata Leske.—A) For a note on the alkali-greening 
substance in the tissues of this sand-dollar, ef. Crozier, 191Sa. 

(i) The ovaries of the female Well/ta contain an ‘‘echinochrome”” pig- 
ment, of which aqueous extracts are easily prepared. It exhibits the 
eolor changes characteristic of the ‘‘echinochrome’’ pig- 
ments obtained from numerous other echinoderms. 


2. [t is instructive to compare certain of these findings with the 
colors of the living tissues concerned, In making these compari- 
sons, care must be exercised that the color of a pigment within a 
tissue, and the variations of this color, are not due to conditions 
of the pigment determined otherwise than by the immediate 
acidity. We cannot be entirely certain that in any given case the 
indicator is sufficiently ‘‘free’’ to permit of its ideal performance, 
but the general concordance among the suggestions which the 
different instances afford, with reference to the reaction of the 
intracellular fluids, is favorable to the idea that these suggestions 
are of real value. From the data embodied in Table I], it will be 


? Zoological texts refer to Krukenberg’s pigment from an Aplysina as 
“remarkable,’’ apparently under the impression that it is unique. 
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seen that all the cases in which there is reason to regard the 
natural condition of the pigment as at all comparable with its 
state when extracted, apparently refer to an intracellular acidity 
of between pH=6.0 and pH=7.6. The tissues of marine animals 
are in general more acid than the surrounding sea water. 

The pigmentation of the two sponges studied might suggest 
that the more superficial tissues, especially when exposed to light, 
become so permeable that their contents more nearly approach 
the alkalinity of sea water (pH = 8.2 to 8.3, in the situations con- 
ecrned). This fact, taken together with observations IT have 
recently made upon Chromodoris zebra, seems sufficient to show 
that the renetion of protoplasmic fluids need not be regarded as a 

TABLE IL. 
Indications as to Intracellular Acidity in Animal Tissues. 


Indicated acidity, 


Animal, Tissue, Color. pH. 
Sponge A. Body substance. Yellow. <i 0 
Thin projections. Purple. 
Sponge B. Cortex. Brown. SO 
Chounosome, Scarlet. <7.0 
Mellita, Integument. Brown.* <7.6 
Chromodoris, Integument. Blue. <i 


* Due to a separate pigment; ‘‘colorless’’ so far as the alkali-greening 
material is concerned: milk-white in voung individuals. 


constant, invariable property. In several cases T have discovered 
yvoung or medittm sized active individuals of this nudibranch 
In Whieh some ordinarily blue portions of the integument were 
bright pink. Sunilarly, the shght variations in the blue to purple 
hue of the mantle tissues of Chromodori’s further su@gest that 
the normal reaction of the cells eoncerned is acid rather than 
alkaline. The few (large) specimens I have been able to discover 
apparently undergoing natural death in the field, were red in the 
parts colored by the indicator, pointing to decidedly acid con- 
dition in connection with natural death.2 Regenerating portions of 


* Experiments with Chromodoris vield no support to the idea that death 
at high temperatures is due to acid intoxication. 
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the mantle of Chromodoris are deep blue, rather than purple, in 
all individuals. Whether this signifies merely a more active 
exchange of materials at the surface of such regenerating areas, 
I cannot say; there is no indication of this character in the re- 
generation of Mellita (ef. Crozier, 1918+). have sought, but 
without success, for any suggestion in these pigmented animals of 
higher alkalinity in the protoplasmic juices of voung, rapidly 
growing individuals. 
DYER ISLAND, BERMUDA. 
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OBSERVATIONS ON THE SIGNIFICANCE OF GLYCOLLIC a 
ACID, GLYOXAL, GLYCOL ALDEHYDE, AND ar 
AMINO-ALDEHYDE IN INTERMEDIARY 
METABOLISM. 


By ISIDOR GREENWALD. 


rae 
pose 


(From the Harriman Research Laboratory, The Roosevelt Hospital 


New York. 
(Received for publieation, July 24, 
‘The experiments to be reported in this paper were performed 4 al 
7 
vears ago. It had been the author’s intention to repeat some of ad 
them and to add others that would serve to test the truth of the nu 
hypotheses to be presented. A number of circumstances operated le 


to prevent this. The possibility of the resumption of these in- 
vestigations being now rather remote, it was thought advisable to 
put on record such results as have been obtained. 

The investigation developed as an attempt to discover the stages 
in the apparent conversion of eitrie acid into glucose in a phlor- 
hizinized patient and in one with diabetes mellitus.' The amount 
of “extra glucose’ excreted after the administration of citrie acid 
indicates the conversion of all six carbon atoms of the eitrie acid 
into glucose. Examination of the reactions that might vield such 
a result leads to the following alternatives. 


CHL.COOH OFT 


H 


SCOOT 
| 


CHLCOOH OH 


or 


‘Greenwald, [., J. Biol. Chem., 1OLA, xviti, 115. 
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CH,COOH CH.CHO 


| 


JOH OH 
/ 


— 30 ——> 
COOH \cou H 


H 
3 CHLOHCOH C,H,.0, 


| 
CHCOOH CHCOH OH 

The first series of reactions is improbable for the admiunistra- 
tion of glyeollic acid does not increase the excretion of glucose 
in the phlorhizinized dog.’ These observations have been con- 
firmed in this laboratory (Table I). It is, of course, possible that. 
normally glycollic acid is reduced as rapidly as it is formed, 
while when administered it is present in too high concentration 
and is either oxidized or exereted unchanged. Pohl* found 
neither glvcollie nor oxalic acid in the urine of a dog after the 
administration of glycollic acid. But Dakin’ did observe an in- 
creased excretion of oxalic acid. Unfortunately the fate of the 
glycollic acid administered in my experiments was not deter- 
mined. But whatever it may have been, it could not support 
the view that glycollic acid is an intermediary in the formation 
of glucose. 

In the other series of reactions, citric trialdehyde appears as 
an intermediate product. This substance has not vet been de- 
scribed, and attempts to prepare it were unsuccessful. 

Both series of reactions call for the formation of glycol aldehyde. 
This substance is the simplest of all the sugars and has naturally 
been thought to be of physiological significance. The evidence is 
not conclusive. Paul Maver® observed that the administration of 
glycol aldehyde to rabbits resulted in a marked glycosuria, but 
since this phenomenon in rabbits is readily induced by a variety 
of means, this finding cannot be accepted as good evidence of the 
formation of glucose from gyleol aldehyde. Smedley’ reported 


Baer, and Blum, L.. Beitr. Chem. Physiol. u. Path., 1907, x, 80. 
Ringer. A. Personal communication to the author. 

*Pohl, Arch. erp. Path. u. Pharmakol., 1896, xxxvii, 415. 

§ Dakin, H. D., J. Biol. Chem., 1907, i, 57. 

*Maver, P.. Z. physiol. Chem., 1903, xxxvin, 135. 

7Smedlev. [., J. Phuysrol., 1912, xliv, 208. 
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that liver tissue added to a solution of glycol aldehyde caused a 
marked diminution in reducing power. Since both substances 
have approximately the same reducing action upon alkaline cop- 
per solutions, this observation cannot be regarded as evidence 


é of the formation of glucose from gyleol aldehyde. It is much is : 
more likely to be due to the action of the enzyme ‘“aldehyde- a 


| mutase’ deseribed by Parnas*® which induces, or accelerates, a 
C'annizzarro reaction by which one molecule of an aldehyde ts 


oxidized to the acid at the expense of another, which is reduced rf 
to the aleohol. According to Parnas and Baer,’ glycol aldehyde Ra 
gave rise to glycogen in the perfused turtle liver, and Barrenscheen!® 2 q 
found that if glycol aldehyde were added to the blood used for ee 
perfusing the liver of a phlorhizinized dog there was an increase aw 
in the amount of a dextrorotatory substance in the blood. It is ig 
interesting to note that Parnas and Baer did not observe an in- a 
crease in the glycogen content of the liver after perfusion with a 


blood containing glycollic or glyoxylic acids. 

Woodyatt" gave glycol aldehyde to three phlorhizinized dogs 
but failed to observe an inerease in the excretion of glucose or 
in the ratio of glucose to nitrogen in the urine. Later experi- 
ments reported by Sansum and Woodyatt'? seemed to indicate a 


: formation of glucose but Sansum and Woodyatt avoided a deti- if 
nite conclusion. 
Cremer® gave glycol aldehyde (obtained by the decomposition 
of dihvdroxymaleic acid in water) to phlorhizinized dogs and ob- 
| served a rise in the ratio of glucose to nitrogen, but this continued a 
for several periods with an accompanying retention of nitrogen. J 3 
The experiment was, therefore, inconclusive. 
} In my earlier experiments, a similar crude gvleol aldehyde so- i 4 
lution was employed. The first two experiments (Table IL) were a 
: successfully carried out. There was a well marked rise in the | a 
: excretion of glucose and in the ratio of glucose to nitrogen inthe iid 
| urine. In the three following experiments, however, results simi- | a 
*Parnas, J., Biochem. Z.. xxviii, 274. 
Parnas, J.. and Baer, J.. Biochem. Z., 1912, xli, 386. 
; Barrenscheen, H. WK., Biochem. Z.. 277. 


'Woodvatt, R.T.. J. Biol. Chem., 1914, xvit, p. 
Sansum. W. D.. and Woodyatt, R. T.. J. Brot. Chem., O21. 
'SCremer, M.. Betlr. Physrol., 1915, 1. 255. 
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lar to Cremer’s were obtained. It was then determined to use 
a purer glycol aldehyde, obtained by treating the solution obtained 
as above with calelum carbonate, filtering, evaporating in vacuo, 
precipitating the calcium salt of an acid (nature unknown) with 
absolute alcohol, and finally evaporating off the aleohol under 
diminished pressure. The resulting syrup was dissolved in 
water and the aldehyde content determined by reduction of 
Fehling’s solution. This material vielded one positive experi- 
ment (Table LIL) and three that were inconclusive beeause of the 
retention of nitrogen in the after periods. : 

In all subsequent experiments, crystalline glycol aldehyde, 
prepared by the decomposition of dihvdroxymaleie acid in pyri- 
dine,” was employed. With this product, and following the usual 
technique, three positive experiments were obtained (Table TV). 

The work had reached this stage when Sansum and Woodyatt" 
published their observations on the action of nareotic drugs in 
phlorhizin diabetes. Although glycol aldehyde had manifested 
no narcotic properties, it was believed advisable to perform some 
experiments upon animals previously prepared with adrenalin, as 
deseribed by Sansum and Woodvatt. Such animals proved to be 
much more profoundly affected by the toxie action of glycol 
aldehyde than those not so treated, and, after a few experiments 
with 12 hour periods, in which no satisfactory after periods could 
be obtained, it was decided to employ 6 hour periods. Of four 
experiments in which the nitrogen retention that presaged death 
did not oceur until after at least one after period, three were posi- 
tive and one was negative. It was thought possible that there 
had been a retention of the glucose as glycogen. Accordingly, 
0.3 me. of adrenalin was injected, but without effect. This was 
the only experiment out of a total of twenty-one (nine with 
adrenalin) in which the administration of glycol aldehyde was 
not followed by a rise in the glucose: nitrogen ratio. In the ex- 
periments which are not reported in detail, this high ratio con- 
tinued and was sxecompanied by a marked diminution in the ex- 
cretion of nitrogen. The dogs died within 2 or 3 days. At 
autopsy, a severe acute nephritis was demonstrated. 

4 This work was completed before Cremer’s paper appeared. 

Fenton, J. J. Chem. Soc., 1905, Ixxxvil, S817. 

Sansum and Woodvatt, J. Brol. Chem., 1915, xxi, 1. 
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‘The experiments may not be conclusive, but they do make it 
highly probable that glycol aldehyde may be converted into 
glucose in the animal body. 

We may now turn to the question of the formation of glucose 
from glycine. The results of Ringer and Lusk!’ and of Csonka!> 
seem to make it evident that both carbon atoms of glycine appear 
as glucose. This is demied by Cremer and his pupils)!’ Their 
conclusions are based in part upon experiments with acetyl gly- 
cine and glyeine ester hydrochloride. In their calculations, they 
assume that these substances are completely decomposed into 
glycine and acetic acid, or aleohol. This may be true, but evi- 
dence is lacking. Cremer also reports some experiments in which 
glycine was fed to phlorhizinized dogs. The results of these ex- 
periments appear to agree with his idea of the conversion of three 
atoms of carbon of every two molecules of glycine into glucose. 
But it seems rather questionable that all the glycine fed was 
metabolized. The amounts given were large, so large that some 
of the animals vomited. The glycine was given as the solid, 
mixed with lard. Almost all the conditions for defective absorp- 
tion were present: large dosage, high concentration, and mixture 
with a substance that is itself rather poorly absorbed. The pos- 
sible action of the intestinal flora is also to be considered. Even 
if absorbed, a small part may have been excreted unchanged, or 
in some form other than glucose, in the urine. Only a very 
small amount unchanged in the urine would affeet the glucose : 
nitrogen ratio very markedly. 

Dakin and Dudley?’ have shown that amino-acids 
readily lose ammonia with the formation of an hydroxy ketone 
and have advanced the hypothesis that this process plays a part 
in the metabolism of amino-acids. In the ease of glycine, this 
reaction would vield glyoxal. But in the presence of the glvox- 
alase of the tissues, this should be immediately converted into 
glycolic acid. In fact, Dakin and Dudley?! have found that 
elyoxal perfused through a surviving liver is converted into 


Ringer, A. I., and Lusk, G., Z. phystol. Chem., 1910, Ixvi, 108. 
'SCsonka, F. A., J. Biol. Chem., 1915, xx, 539. 

'* Folger, F., Beitr. Physiol., 1915, 1, 187. 

* Dakin, H. D., and Dudley, H. W., /. Biol. Chem., 1913. xv, 127. 
*’ Dakin and Dudley, J. Biol. Chem., 1914, xviii, 29. 
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glvcollic acid. This, as we have seen, is probably not a precursor 
of glucose. 

The question of the formation of glucose from glyoxal was also 
tested by direct experiment with negative results. Freshly dis- 
tilled glyoxal was employed. None of the animals showed an 
increase in the glucose : nitrogen ratio during the experimental 
period (Table VI). The following periods developed a sequence 
of toxic symptoms (high ratios, nitrogen retention, ete.) similar 
to those observed after the administration of glycol aldehyde, 
but the excretion of glucose and the ratio of glucose to nitrogen dur- 
ing the experimental period was not affected. 

The fact that glycine may be excreted in such large amounts 
in the form of hippuric acid after the administration of benzoie 
acid would seem to call for a relatively simple reaction for its 
formation. In the light of our present knowledge of the fate 
of amino-acids, it is almost inconceivable that such amounts of 
glveine should be direetly derived from other amino-acids. It 
seems much more probable that the reaction glycine — glucose 
also occurs in the reverse direction. A possible sequence is gly- 
cine amino-aldehyde glycol aldehyde glucose. This” re- 
action for the formation of glucose from glvcine appears to have 
been first suggested by 

Kikkoji and Neuberg® fed amino-aldehyde to a rabbit for sev- 
eral days and collected the urine. They found no optically ae- 
tive or reducing substance in the urine. They isolated a small 
quantity of pyrazine and concluded that) amino-aldehyde may 
be oxidized to pyrazine in the body. But the largest part of the 
amino-aldehyde was either completely oxidized or converted 
into some other derivative. 

I have performed one experiment with amino-aldehyde with 
positive results. It did give rise to “extra glucose.” The urine 
was tested for unchanged amino-aldehyde and for pyrazine with 
negative results.24 Positive experiments do not add greatly to 
the strength of the hypothesis for it may always be said that the 


22? Magnus-Levy, A., in Oppenheimer, C., Handb. Biochemie, Jena, 1911, 
pt. 1, 354. 

°3 Kikkoji, T., and Neuberg, C., Brochem. Z., 1909, xx, 465. 

* Wolff, L., Ber. chem. Ges., 1893, xxvi, 1830. Gabriel, S., and Pinkus, 
G., tbid., 1893, xxvi, 2207. 
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aldehyde was oxidized to glycine and that this gave rise to glu- 
cose in the usual manner. Negative experiments would cisprove 
the hypothesis. Lack of material prevented repetition of the 
experiment at that time. [t is my purpose to repeat it when op- 
portunity offers. 
TABLE | 
Karperiments with Glycollic Nerd, 12 Hr. Periods 


(;lucose 


Verwdl Nitro- i G:N ftemarks 
Bene- | Polari- | 
dict. | scope. | 
| gm. 
16.40 16.18 4.587 3.57 
13.87) 13.23) 4.487) 3.09 
14.46 14.23 4.187 3.42 6.56 ke. 4.15 em. elveollic acid (as 
| | | sodium 
| 11.21) 11.54) 3.543) 3.16 
\ | 10.21) 9.81; 3.154) 3.24 
VI | 10 51 10.73 3.297 3.19 5.26 em. glveollie acid (as sodium salt 
VII | 9.59) 9.96) 2.943) 3.26 | 
9.30) 9.54) 2.977] 3.12 
| | 19 32 19.82. 6.363 3.04 
18.35, 6.120, 3.03 | 
[1] © 21.46) 21.96 7.009 3.22 Wt., 10.9 kg. 6.55 gm. glveollic acid 
| | | (as sodium salt). 


IV IS.S4 18.30) 5.680) 3.19 
\ 17.83 17.48 6.067 2.94 6.57 gm. glycollic acid (as sodium salt). 
IS. 3S) 17.360 0.506 3.51 | 

VIE | 15.22) 14.45 4.958) 3.07 
14.53 14.62 4.551 3.19 


EXPERIMENTAL. 


The technique of the experiments was that usually employed 
in this laboratory. The animals received no food and were 
daily injeeted, subcutaneously, with | gm. of phlorhizin sus- 
pended in cottonseed oil. The urine was collected by catheter 
in 6 or 12 hour periods, the bladder being washed with 2 per cent 
sterile borie acid solution. The substance to be tested was in- 
jected subcutaneously, in aqueous solution, at intervals of from 
30 to 60 minutes during the first half of the experimental period. 
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(Glucose was determined by Benedict's method” or by the Allihn 
method, weighing as cupric oxide. The values so obtained were 
checked by polarization before and aiter fermentation and by 
fermentation. Acetone and 3-hydroxybutyric acid were deter- 
mined by Shaffer's method. 

The glvcollic acid was prepared by heating a solution of chloro- 
acetic with calcium carbonate, recrystallizing the ealeium 


TABLE II 
pr wits mith Crude Glucol Ald: 12 Hr. riods. 


(,lucose. 
\ \ 
Period G: N Remarks 
Bene- Polari- 
chict scope, 4 
gi. gm. grr. gn. 


) > O 065 
3. 3.47 0.015 | 0.071 
335 430 0026 0060 Wt., 5.05 ke. 2.45 em. 
| nldehvdes* extra 


glacose’” em 


1\ 1) 10.5: 2.80 3.98 10.016 | 0.049 
15.01 3.90 143.1 1-930 
33 | Wt., 6.95 ke. 3.00 em 
glycol aldelhwde: “extra 
2.58 om 
ay 323) 21 5 |-3.38 | 


salt several times, and finally decomposing it with the caleulated 
quantity. of oxalie acid. 

Cilveol aldehyde was prepared by the decomposition of di- 
hvdroxvinalere acid, which was prepared by the oxidation — of 
tartaric acid with hydrogen peroxide.’ The crude dihydroxy- 
malere acid was dried im vacuo, and purified by solution in absolute 
methyl aleohol and precipitation with water. This acid) was 
then heated, either in water or pyridine, as already indicated. 


Benedict. S. R.. J. Biol. Chem., 1911. ix. 57. 
~ atfer, \ 4 Bial. (‘hem.. 211. 


7 Nef, J. Ann. Chem., 1907, 299. 
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TABLE IIL. 


Glycol Aldehude Purified with CaCO,, Alcohol, Ete. 


lucose. 


diet 


gm. 
9) 
12.1 


13.2 


(,hucose 


Polari- 
scope. 


1603 
li 


Bene- Polari- 


scope 


1? » 


169 162 


ler- 
mentu- 
fionh 


gm. 
20.9 
16.5 
24 7 


gin. 
3.060 


3.49) 


418. 


2.93 


6 74 


28 


‘marks 


— 


3.35 | 
405 Wt., 6.86 kg. 2 gm. glycol aldehyde: 


“extra glucose”’ 2.9 priyi. 


TABLE IV. 


nts with Crystallized Glycol Aldehyde. 12 Hr. Periods. 


~ 2 
Gi: N Remarks. 
fone. ~ 
~ 
Giri. Yrre 


3.40. 0 164 0.739 

0 210 1118 Wr... 


aldehyde: 


fem. glveol 
“extra glue 


>. 46 


3.6¢ | 0.247) 1.077 


3.24 | 0.131) 0.770 

0.145 0.722 5.05 gm. glveo! aldehvde: 
| | “extra glucose’ 4.54 

9.309 | 0.179) 0.954 

3.55 0 040 0 192 

0.035 0.202 Wt., 7.74 kg. 4.29 gm. 
| gilveol ‘extra 


glucose’? 4.25 om. 


3.75 | 0.052) 0.243 


he 
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Iti 16.7 | 4.28 
17.8 17.0 | 4.65 
15.7 15.3 | 4.8] ay 
233 23.1 228 5.68 
is. ¢ ISN >. 40 
19. | 19.7 | 19.4 
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TABLE V. 


Experiments with Crystallized Glycol Aldehyde upon Dogs Receiving 
Adrenalin, 6 Hr. Periods. 


Cilucose. 


Nitro- 
Polari-| | gen. 
menta- 

gm. yr. yin. 
Allihn. 
14.5 14.3: 14.0: 4 
S40 8.71 2.8 | 
9 81 967 96 2 22 


12 S.13 
ede)! 
Benedict. 
14.0 | 3.9 
3004 | ge 
7 


161 16 


6 14 


13.5 13.6 


Allihn. 
3:9 + 13 


11 85 11 


| 
8.75, 
6.73 | 6.96 
S66 S 20, 

Allihn. | 
9.98 | 10.3 | 
9.88 | 10.2) 


12 38 | 12. 


10: 


=~] 


> 6 | 


OS | 


@ 
wt 


& 


G: XN Adren- 


alin 


md. 


| 0.20 


« 
we 
ome 


3% 0 30 


0.25 | 


Remarks. 


12 hrs. 


Wt.. 0.7 kg. 2.07 gm. glycol 
aldehyde; 2.51 gm. “extra 
glucose.”’ 


12 hrs. 

Wrt., 13.7 kg. 4.25 gm. gly- 
col aldehyde; no ‘extra 
glucose.”’ 


| hrs. 


| Wt., 8.90 kg. 2.42 gm. gly- 
col aldehyde; 3.0 gm. 
tra glucose.”’ 


3200 
4 30. 10.77 kg. 3.06 gm. gly- 
| col aldehyde; 2.74 gm, ‘‘ex- 
tra glucose.”’ 
3.50 
3.34 : 


5 1 5} 
O 4 60 50 
30.219 61 
160 513 
{4513.98 
3.92 | 3.45 | 0.40 
$4 3.61 035 
40) 2? 19 | 3.05 
90 G «22:60 «64:75 
2.61! 3.49 
6.75) 2.04 | 3.30 
8.75) 2.48 | 3.49 
10 50 10 7 1) 3 


Experiments with Glyoxral upon Dogs Receiving Adrenalin. 


Allihn. | 


12.1 


6.89 | 


4 46 


S50 
5 42 

1.79 
11 24 
S 


~! 


Cilucose. 


Polari- 
scope. 


gm. 


(;lucose. 


gm. 


OL. 


IS 6 
16.3 
12 4 


6.9 


In the latter case, the pyridine was distilled off and the glycol 
aldehyde distilled at about 4 mm. pressure and then freed from 
traces of pyridine by standing over concentrated sulfurie acid. 
Glyoxal was distilled just before using by distilling a mixture of 
polymeric glyoxal and phosphorus pentoxide into ice water.?> 


Benedict 


Fermen- 


tation. 


gm. 
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Nitro- 
ven. 
gm 

Za 
2 99 


2.84 
4.40 
26 


(i: 
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TABLE VE. 


Adrena- 
lin. 


rid. 
OO 
OO 


TABLE VIL. 


6 Hr. 


Renmark 8. 


12? hrs. 


Amino-Aldehyde. 12 Ilr. Pervods. 


Nitrogen. 


~ 


2.00. 


glucose.”’ 


7.9 hrs. 
2.30 gm. glvonxal. 
126 gm. glvoxal, 
Remarks. 
gin. 


78 Harries, C., and Temme, P., Ber. chem. Ges., 1907, xl. 165. 
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The distillates were very slightly acid. The glyoxal content was 
estimated either by precipitation with p-nitrophenylhydrazine 
and weighing or by titration with standard acid and alkali. When 
heated with a shght excess of alkali, glvoxal is quantitatively 
converted into glycollic acid. The excess alkali may then be 
titrated. The two methods gave closely agreeing results; thus, 
2.19 per cent by titration and 2.12 per cent by precipitation, 
and in another case, 3.80 per cent and 35.66 per cent, respectively. 

The amino-aldehyde was prepared by hydrolysis of the acetal 
(Kahlbaum’s) with bydrochlorie acid and evaporation 
The amount was calculated from that of the acetal used. 


Fischer, Ber. chem. Ges., 1893, xxvi,. 92. 
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A RAPID MICRO METHOD FOR THE DETERMINATION 
OF PHOSPHATE AND TOTAL PHOSPHORUS 
IN URINE AND STOOLS. 


By AKIRA SATO. 


Prom the Department of Pedratrics, The Johns Hopkins University, 
Baltimore.) 


Reeeived for publication, July 12. 


The method is a colorimetric one and depends upon the pre- 
epitation of phosphate by uranium. The precipitated plos- 
phate is dissolved in acid and the color developed by the addi- 
tion of potassitum ferroevanide is compared with that produced 
by the same reagent added to a standard hosphate 
solution, 

Solutions 


Standard Phosphate Solution. Dissolve 1.91S gm. of re- 
erystallized) potassium phosphate (NH.sPO,) in distilled water 
and make up to LOO ce. bce. of this solution equals OQLOL gm. of 
Any other pure salt of phosphorie seid may be used ior 
preparing the standard solution, 

2. Uranium Acetate Solution.-(A) 10 gm. of uranium ace- 
tate dissolved in water and made up to 300 ce. (By LO ce. ot 
solution A made up to 100 ce. with distilled water. 

3. Acetate Solution. Sodium acetate 100 em. and glacial acetic 
acid 30 ce., made up to liter. 

4. Potasstum Ferrocyanide Solution.-10 per cent ino distilled 
water. 

Cochineal Tincture. 

G. Standard Uranium Phosphate Solution..\dd 20 ce. of water 
and 10 ce. of acetate solution to 20 ce. of the standard phosphate 
solution and heat to boiling. Add an excess of uranium acetate 
solution A (about 45 ee.) while the mixture is boiling. Add 30 
ce. of 95 per cent alcohol and allow precipitate to settle. Filter 
and wash the precipitate with LO per cent aleohol until the last 


otter 


whe 


ae 
“ 
= 
$3 fs 
4 
| 
ay 
43 
} 
j 


474 Phosphate and Total Phosphorus 


Washing fails to change color when a drop of cochineal tineture 
is added. It is unnecessary to remove the precipitate adherent 
to the sides and bottom of the beaker. Remove filter paper 
from the funnel and return to the beaker; add exactly 100 ce. of 
10 per cent hydrochloric acid (specific gravity 1.050), cover with 
watch-glass, and agitate until precipitate is completely dissolved. 
Do not heat beaker. When completely dissolved transfer liquid 
toa 200 ce. volumetric flask and make up to mark with distilled 
water. For color comparison the solution is diluted one to 
twenty and LO ce. are used. This amounts to 0.0005 gm. of PsO.,. 


Determination of Inorganic Phosphate in Urine. 


Determination of Amount of Urine to Be Used for Analysis. 
Put a drop of urine and a drop of acetate solution in a test-tube 
and a drop? of uranium acetate solution B and about 38 ce. of 
water. Boil for LO seconds. Add three drops of eochineal tine- 
ture, noting color changes. The color sought is purple and 
neither red nor green. 

With an excess of urine in proportion to the uranium solution 
the color is red; with an excess of uranium the color is green. — If 
the color is green, more urine is used and rice versa. A few trials 
show the relative proportions in which the urine and the uranium 
solutions must be used. 

The following table indicates roughly the proportion for vari- 
ous Urines: 


Unies (arene) Uranium solution 


(drops) 
Adult 20-30 
Bottle-fted infant | 2 
Breast-fed infant* » 


“One may readily test by adding the uranium solution to a drop of 
urine whether the child is receiving cow’s milk or human 


Tf one drop of the uranium solution produces a green color, the urine is 


from a breast-fed child, provided always that the ehild is receiving milk 
of some kind. 


' Tf the urine is cloudy from phosphates enough diluted acetic acid 
should be added to bring the phosphate into solution. 

> The droppers used for the urine and the uranium solution should 
deliver drops of the same size. 


| 
4 

4 

225 
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If we express the number of drops of urine taken by a and the 
number of drops of uranium solution by 6, then the number of 


a 
ee. of urine to be used should be ; ec. Thus with the adult we 
} 


would use one-twentieth to one-thirtieth of 1 ce., with the bottle- 
fed infant about 0.5 ce., and with the breast-fed infant 5 e¢. In 
order to use such small amounts of urine, it is of course advisable 
to dilute an accurately measured quantity of ure and to take a 
portion of this. 

Method of Analysis. Measure the proper amount of urine as 
determined above into a small beaker. Add 5 to 7 drops of 
acetate solution and not more than 1.5 ec. of uranium solution B. 
Boil and add 95 per cent alcohol, in amount about equivalent to 
one-third the total amount of liquid. Filter through a small 
paper and wash precipitate with 10 per cent alcohol until the last 
washing shows no change of color with cochineal tincture. Three 
or four washings are usually sufficient. Return paper to beaker 
and add exactly 5 ce. of 0.5 per cent HC] to dissolve precipitate. 
Cover with watch-glass, warm gently for not more than a min- 
ute, and then cool. Rinse solution into a 50 ce. volumetric flask 
bringing up to about 30 ce. In another 50 ee. flask put exactly 
10 ce. of the diluted uranium phosphate standard described above 
and add approximately 20 ce. of water. Add 5 ce. of the ferro- 
evanide solution to each flask. A reddish brown color develops 
immediately. Fill each flask to mark and mix. Compare the 
colors at onee in a Duboseq colorimeter, setting the standard 
at 20mm. Che color of the unknown solution should not vary 
by more than 25 per cent from that of the standard. Thecaleu- 
lution is as follows: 


Reading of standard gm. = P.O,in amount of urine taken. 

Reading of unknown 
or 

3 Reading of standard ; = P,Os;in amount of urine taken. 

Reading of unknown 2 meg. 

A number of factors may affect the intensity of the color.’ 


One of these is the coneentration of HCl but this is the same in 


2 Gibson, R. B.. and Estes, C., J. Biol. Chem., 1909, vi, 356. 
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both control and test solutions. Heat is another factor so that 
each sample must be at the same temperature before the ferrocy- 
anide solution is added. 


Total Phosphorus in Urine and Stools. 


(rine.—Use the same amount of urine as for inorganic phos- 
phates. Put in a large test-tube with 0.5 ec. of concentrated sul- 
furre acid and add 0.5 ce. of concentrated nitric acid, drop by drop, 
heating in the meantime. A colorless solution should be ob- 
tained and the yellow fumes cease to come off when digestion Is 
complete. A short time is required for this. Cool and dilute 
cautiously with water and neutralize with LO per cent NaOH using 
methyl orange as an indicator. When just neutral, warm to re- 
move any great excess of ammonia that may be present. (A 
slight amount of ammonia does no harm.) Add 1 per cent acetic 
acid, drop by drop, until the liquid is faintly acid as indicated 
by a pink color. Transfer to a beaker and proceed exactly as 
deseribed above for the determination of inorganic phosphates. 

Stools.— At the outset it is impossible to determine the optimum 
amount of stool to be taken. An excess should be taken; for 
Instance, | per cent or more of the total 24 hour stool. Digest 
In a large test-tube or a small Kjeldahl flask with sulfurie and 
nitric acids as deseribed above for urine. Proceed as for urine 
to the point where acetic acid has been added until a faint pink 
color is obtained. Then transfer the solution to a 50 ee. volu- 
metric flask and fill to the mark with water. istimate as in the 
‘ase of inorganic phosphate in urine the amount of the solution 


to be used and proceed as forthe determination of inorganic phos- 
phates in urine. 


Inorganic Phosphates in Stools. 


Use an excess of stool. Mix with 2 ce. of water and add an 
equal volume of concentrated hydrechloric acid. Mix thor- 
oughly and allow to stand 10 minutes to dissolve the inorganic 
phosphate present. Filter and wash precipitate several times 
with small amounts of 5 per cent HCl (specifie gravity 1.025). 
Neutralize with 10 per cent NaOH using methyl orange as an 
indicator. Add 1 per cent acetic acid till faintly acid (pink color) 
and proceed as for total phosphorus in stools 
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In the analysis of pure phosphate solution [have been able to 


4 


x 
4 
4 


determine the amount of inorganie phosphate with an average 2 

error not exceeding 2 per cent. In the analysis of urine and z, 

feces the method above has vielded) results differing 

; by not more than 2 per cent trom those obtained by the ordinary : 
i gravimetric methods. i 
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THE SCURVY OF GUINEA PIGS. 
I, THE EXPERIMENTAL DIETARY, 
By ALFRED F. HESS anno LESTER J. UNGER. 
(From the Bureau of Laboratories, Department of Health, New York.) 


(Received for publication, June 19, 1918.) 


In this paper we wish to discuss the results of an investigation 
on scurvy as it is manifested in the guinea pig. It should always 
be understood that studies made upon animals cannot be aecepted 
unreservedly in the domain of human pathology, but that they are 
merely tentative and introduetory in nature, and must await 
confirmation by clinical medicine. This deserves particular em- 
phasis in connection with the disorder which we have under 
eonsideration, 

In experiments on the seurvy of guinen pigs various dicts have 
been fed. Most of the workers have followed the classical inves- 
tigation of Holst and Frélich (1) and emploved a diet of oats and 
water. More recently, however, an unlimited quantity of milk 
has been added to this dietary, especially in the studies reported 
by Jackson and Moore (2), and by MeCollum and Pitz (3). The 
disadvantage of the latter dietary for the study of scurvy would 
seem apparent when we consider that milk possesses some anti- 
scorbutic power, so that if we allow it ad libotum we cannot know 
how much antiseorbutie foodstuff is consumed. The essential 
importance of Quantity in this connection is brought out by some 
recent experiments (4) which ‘show that 50 @m. of milk daily is 
insufficient to protect guinea pigs from scurvy, whereas LOO gm. is 
quite sufficient. In the following experiments, which have been 
reported elsewhere in abstract (5), we have mainly emploved a 
diet consisting of hay, oats, and water, and by means of various 
tests have attempted to analyze this dietary and to note the effeet 
of the addition of other foodstuffs. 

It would seem that the confused state in which this subject 
stands at present is due largely to the fact that various investi- 
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480 Guinea Pig Scurvy. I 

gators have not made use of the same diet, and that they have 
not controlled their studies by means of pathological examinations. 
All work on this subject should be checked by careful histological 
exanunation of the bones. As far as we are aware there are 
changes in the epiphyseal ends of the bones which are typical 
of scurvy and differ from those which occur in other diseases of 
the bony system. It is, therefore, imperative that such lesions 
be found before we take it for granted that we are really dealing 
with scurvy. We emphasize this fact because we have enecoun- 
tered macroscopic lesions at autopsy which we considered char- 
acteristic of true guinen pig scurvy (hemorrhages into the costo- 
chondral junctions of the ribs and swelling of the joints) but which 
later microscopic examination proved to resemble rickets. The 
bones of the animals referred to in this study showed the typical 
“frame work’ marrow at the epiphyseal junction, a marrow 
poor in cells and rich in connective tissue; it did not show the 
osteoid tissue always associated with rickets. 

We have illustrated our results by means of a series of charts, 
although we believe it to be impossible to portray scurvy graph- 
ically in this way, in view of the fact that there is no true parallel- 
ism between the progress of scurvy and deviations in weight. 
It isa fact that most animals lose in weight with the development 
of scurvy. The charts which are appended as well as those of 
othe:s clearly show, however, that the guinea pigs may gain some- 
what and nevertheless develop scurvy, and on the other hand may 
lose or remain stationary in weight and be free from all scorbutie 
signs. We have attempted to make up for this defect by adding, 
In may cases,a curve representing the clinical course of the scurvy. 
Although this is computed in an empirical way, it gives a truer 
picture of the course of the disease than the weight chart. A 
maximum count of 35 was constituted, representing the greatest 
degree of clinical scurvy. This included three grades of beading 
of the ribs, four grades of tenderness of each knee joint and wrist, 
and four grades of swelling of each of these joints. 

It is apparent from the clinical curve of Chart 1 that an animal 
may have developed a marked degree of scurvy (20 points) but 
nevertheless have gained rather than lost in weight during the 
period of observation. This chart likewise shows that the signs 
of scurvy continue to increase for some days after the antiscor- 
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butie is added to the dietary; in this instance for 7 days, showing 
that there is a latent therapeutic period. A similar phenomenon 
is seen to occur When the orange Juice was discontinued, the seurvy 
continuing to Improve for a period of about a week. 

The following deductions may be made from our experiments 
which cover the use of several hundred guinea pigs, and are par- 
tinlly illustrated by the charts which accompany this paper. 

It will be seen from Chart 1, that guinea pigs develop scurvy on 
a1 diet of hay, oats, and water given ad libitum. The hay was 


Period I Period I Period I 
_ May, oats, water Orange juice Orange juice 
ad (1. 5cc. daily) added discontinued 
co 
16 


a 270 < 


(Hart l. Hay, oats, and water ad during Period resulted in a 
lack of gain in weight, and in a development of seurvy. During Period II, 
1.5 ce. of orange juice were given daily, and as will be seen there was a 
marked gain in weight and disappearance of the seorbutie signs, although, 
as is generally the case, they contrive to develop for a short while after an 
antiscorbutie is given. When the orange juice was discontinued in the 
third period, the weight once more fell and the scurvy redeveloped. 

The broken line represents the course of the scurvy, and is a composite 
formed on the basis of the aggregate of the scorbutie signs. each square 
represents 2 2 day interval. 


given to supply the ash of the green fodder. It will be seen, 
however, from a Inter experiment that it has additional value, 
probably owing to its roughage, and that it is not replaceable im 
the dietary by its ash (Chart 8). This diet (as has been reported 
elsewhere) has the advantage of bringing about seurvy in all 
animals without exeeption, and in leading to seorbutie signs in 
guinea pigs weighing 200 to 3800 gm. within a period of 10 to 20 
days. It thus permits of a quantitative estimate of the influence 
of diet or other factors in relation to scurvy. It will be noted 
‘Chart 1) that the mere addition of 1.5 ee. of orange juice daily 
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482 Guinea Pig Seurvy. | 
are sufficient to bring about a marked and steady gain in weight. 
This is brought out again by Chart 2. It is not, however, sug- 
gested as a complete diet for permanent normal growth. 

When animals were put on a straw instead of a hay bedding, 


they did not do so well (Chart 3). It is difficult to state how 


Hay, oals,waler ad libitum 


Gm. Orange juice (I5cc. daily) 
320] | ert 
| 
++ 
2201... 
i i 


(Harr 2. Showing the steady gain in weight on a diet of hay, oats, and 
water ad libitum, with the daily addition of but 1.5 ce. of orange juice to the 


diet. 


Period IJ Period I Period I 
Straw, oats, waler Orange Juice 
urv 
(5cc daily) added Hay substituted for olraw 
16 Feritomit: 
Pneumonia 


(Harr 3. Showing the value of hay in the dietary. 


It also illustrates 


a faet which was frequently encountered in these experiments; that after 
an animal has onee had seurvy, although all signs may disappear, a con- 
siderable period of subnormal gain in weight may follow. 


much straw they consumed. They were observed, however, to 
nibble it from time to time. Orange juice added to this dietary 
was not able to cause a normal gain in weight, although it cured 
the animals of scurvy. As this dietary of hay, oats, and water, 
although it contains a sufficient supply of inorganic salts, and of the 
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water-soluble vitamine, as well as roughage, is deficient in fat pro- 

tein and fat-soluble vitamine, it was decided to add a foodstuff 

which would compensate for this deficiency. Accordingly egg 

‘both volk and white) was given in the amount of 9 gm. daily to 

each guinea pig; the egg was hard boiled and chopped fine, and the 


Hay, 0ats,water ad libitum 
boiled “Ss 9gm. daily, 


Orange juice 


CHart 4. Hay, outs, water ad libitum, plus 9 gm. of hard boiled egg 
daily (yolk and white). Of these five guinea pigs four developed scurvy 
after 10 days, although they had all gained slightly in weight during this 
period. The other showed signs after 1] days. On the addition of orange 
jutee the signs of scurvy disappeared in all but one animal, 


Hay, oals,water ad libitum 
Gm __Cod liver on O5-Iccdail 


Cuarr 5. The addition of cod liver oil to the regular diet of hay, oats, 
and water ad libitum, did not delay the onset of scurvy, although it seemed 
to cause a temporary gain in weight, 


animals took it well. It was found, however, that this addition did 
not delay the onset of the disease. Of the five guinea pigs shown in 
Chart 4, three developed scurvy after LO days, and the other one 

dav later. Practically the same result was noted when cod 
liver oil in doses of 0.5 to 1 ec. daily was added to the hay, oats, 
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and water diet (Chart 5). The oil was given partly for the same 
reason that the egg was added, but also on account of its particu- 
therapeutic efheaecy preventing or curing rickets. It 
would seem that this diet constitutes an excellent standard dietary 
for experimental scurvy. It comprises the various necessary food 
elements, is laxative in character, is antirachitic, and in no degree 
antiscorbutic. It may be added that these results with cod liver 


Period I Period II Period I 
ray, Oats, waler Orange jurce Orange juice 
Gm ad totum (1 5cc datly) added aiscontinuca 
i 
~ 5 (Preunionua)— 
t-+-+. 
t 
+ ~ 4 
may 
+ + 
+ + 
-+ 


CHarté. Shows a period with the development of scurvy, and one where 
it was cured by giving orange juice. [It will be noted that there was no 
marked constipation while the animal had scurvy. During a pertod of a 
rew days the amount of stool was scanty corresponding to the decreased 
intake of oats and hay on the davs preceding. 


oil and with egg merely tend to confirm simular results whieh have 
been reported by us in infantile scurvy. 

fn these animals which were receiving cod liver oil, we paid 
particular attention to the state of the bowels, in view of the 
opimon of MeCollum that, ‘*Seurvy in the guines pig is the res. It 
of the retention of feces’ (6). The stool was soft and somewhat 
oily. Chart 6 illustrates an experiment which was deviscd for 
the purpose of ascertaining the relation of constipation to scurvy. 
The intakes of oats and hay were noted and the droppings were 
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weighed daily. This experiment convinced us still further that 
constipation did not play an essential part either in the onset 
or in the cure of seurvy, and that orange juice does not owe its 
potency to its laxative effeet. A large number of guinea pigs 
were then given liquid petrolatum (Squibb) daily in addition te 
the diet of hay, oats, and water. However, although this ocea- 
sioned marked looseness of the bowels, indeed to such a degree 
that at times it had to be reduced in quantity, it afforded no pro- 
tection against seurvy (Chart 7). The lack of result which we 
obtained from the addition of cod liver oil and of liquid petrolatum is 
probably due to the fact that the guinea pigs witeh develop seurvy 
on this diet are not constipated and do not manifest impaction of 


Hay, oats, walter ad hbitum 
Gm _ Liquid albolene 0.5-icc-daily 


£90, - + -+ -o—4 


CHART 7. 
liquid petrolatum (Squibb) daily. It will be noted, however, that this 


An attempt to prevent the oceurrenee of seurvy by giving 


medication was unable to delay the onset of svimptotos or the death of the 
animals, 


the cecum after death. In the hundreds of autopsies carried out on 
guimea pigs which had died of scurvy, we paid particular attention 
to the contents of the intestine, and more particularly of the ceeum, 
in this regard. In no stance have we encountered impaeted 
feces in the eeeum. Its contents have been pasty or semifluid, 
and in most cases it has contained gas. We have. however, noted 
Inassive feces, of the consistency of putty, in the cecum of animals 
fed on oats and milk. But as this dietary does not enter into this 
series of experiments, we shall postpone discussion of the eon- 
dition until a future time. Although laxatives absolutely failed 
to prevent or relieve the the scurvy in our animals, MeCollum has 
shown in definite instances that the guines pigs with which he 
experimented were greatly benefited by liquid petrolatum., 
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It is diffeult to harmonize these contradictory results. As we 
have mentioned above, it is impossible to interpret them in view 
of thefaet that the dietaries were dissimilar. Furthermore, we can- 
not be certain that we are dealing with the same pathological con- 
dition until all results are controlled by histologic examinations. 
When studies are carried out in which these factors of the experi- 
nents agree, it seems certain that the marked differences of opin- 
ion regarding the pathogenesis of experimental scurvy will dis- 
appear and be fully explained. 
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Cuart 8. Anexperiment with seven feeding periods. Scurvy developed after the first, and was cured as usual by orange juice during the second. The third and fourth 
show that an animal can gain on a diet of hay, oats, water, and orange juice, but not on this diet minus the hay. The fifth and sixth periods show that this lack of gain 
is not due to the absence of the salts of the hay, nor to the absence of the fat-soluble vitamine. In view of the marked gain in weight during the last period where the only 
change was a substitution of the hay for its ash, we must believe that roughage was an important factor. 
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THE SCURVY OF GUINEA PIGS.* 


Il. EXPERIMENTS ON THE EFFECT OF THE ADDITION OF FRUITS 
AND VEGETABLES TO THE DIETARY. 


By ALFRED F. HESS anp LESTER J. UNGER. 


From the Bureau of Laboratories, Department of Health, New York. 
‘Reeeitved for publication, June 25, LOLS.) 


In a previous communication (1) we have reported om scurvy 
brought about in voung guinea pigs by a diet of oats, hav, and 
water ad libitum. As far as the oeeurrence of this disorder was 
eoncerned we noted no difference whether this simple dietary was 
emploved, whether it was supplemented by the addition of cod 
liver oil to supply fat and fat-soluble vitamine, or whether the 
white and volk of egg were added, enriching the diet with water- 
soluble vitamine, fat-soluble vitamine, fat, and protein. The 
signs of scurvy appeared regularly at the same period on the simple 
as on the more complete ration. In the preceeding paper the 
gross pathologie changes noted at autopsy were checked by eare- 
ful microscopic examinations of the bones, in order to be certain 
that, the lesions were truly scorbutie. This precaution was con- 
sidered essential ino view of our encountering cases which were 
regarded as scurvy at autopsy but which histologically resembled 
rickets. A similar control of the pathologic anatomic changes 
was carried out in the present investigation. 

This study concerns itself with the effect of augmenting the 
dietary with fruits and vegetables, and more particularly with 
the alteration in the antiscorbutie potency of these foodstuffs 
occasioned by heating, drving, and aging. ‘This question of the 
exact food value of dried fruits and vegetables is important from a 
nutritional point of view, and is of especial significance at this 
time when dehydrated toods are being emploved to an increasingly 
large extent both among the civil population and in army rations. 

* A preliminary report of this work was presented before the Society for 
Experimental Biology and Medicine, May 15, I9IS. 
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It is therefore highly desirable that we should have as complete 
knowledge as possible of their food value in the dried state. 

As orange Juice is the prototype of an antiscorbutie, it seemed 
highly desirable to investigate whether aging affected to any de- 
gree its antiscorbutic value. Accordingly three guinea pigs, which 
had developed scurvy on the regular ration, were fed 3 ce. daily 
of orange Juice which had been kept in the refrigerator for over 3 
months. As will be noted from Chart 1 this addition cured the 
scurvy in the two pigs which lived long enough to permit us to 


Period I Period II Period I 
Hay, oats, water fresh orange yuice ( daily) 
Gm.ad libitum Old orange juice daily) added Substituted for old oranse juice 


CHarr l. Hay, oats, and water ad (/hitum for first period during which 
time all animals developed scurvy. During the second period 3 ce. of old 
orange juice were sdded; this had been kept in the refrigerator for over 3 
months. Asa result two animals lost all signs of scurvy but the improve- 
ment was slow and they thrived only moderately well; the third guinea pig 
(No. B 976) died 10 days later and showed lesions of seurvy. 

During the third period 1.5 ce. of fresh orange juice were substituted for 
the 3 ee. of the old preparation in the ease of Guinea Pig B912. The result 
was a sharp and continued gain in weight. 


judge of the result. It seemed, however, to have lost some of its 
potency as the result of aging, for when fresh orange juice, to only 
half the amount, was substituted in the case of the dietary of one 
animal, there was a sharp rise in weight and an improvement in 
general condition. We may add that 2 similar elinical result was 
noted when guinea pigs were given orange juice which had been 
subject to heat. Animals fed juice which had been autoclaved 
at a temperature of 110° under 10 to 15 pounds pressure for a 
period of 45 minutes, did not thrive so well as those which were 
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fed the unheated juice. In both experiments, however, the signs 
of scurvy disappeared. 

The active factor in orange juice can be extracted by means of 
95 per cent alcohol. Chart 2 illustrates an experiment in which 
scurvy was cured by adding a small amount of such an extract to 


Period I Period II Period I Period IW 
Alcoholic extract of 
orange juice added Residue 
Gm May, oats, waler (equivalent to 4cc of substituted Extract supsiituted 
ad libitum _ fresh orange juice daily) for extract for residue 


(Harr 2. During Period I all guinea pigs developed scurvy on « diet of 
hay, oats, and water ad libitum. These signs all disappeared during the 
second period when aleohole extraet of orange julee equivalent to 4 ce. of 
the juice was given daily. During the third period the residue of this 
extract was substituted in the same dosage, with the result that seurvy 
reappeared and there was marked loss of weight. A short fourth period was 
begun wherein the extract was given in place of the residue. However, the 
guinen pigs died. although the stgns of scurvy were ameliorated. 


the chetary, and where it redeveloped when the residue was sub- 
stituted for the extract. The extract was obtained as follows: 300 
ec. of orange juice were evaporated at room temperature by means 
ofatantoabout 40 ce. Vo this fluid SOO ee. of 95 per cent alcohol 
were added. This was allowed to extract at room temperature 
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for 7 days, being shaken frequently every day. It was decanted 
and once more evaporated down to about 40 ce., and then dis- 
tilled water was added so that its volume again equalled 300 ee. 
(that of the original orange juice). The residue, which was of a 
gummy consistence, Was taken up with distilled water so that it 
also corresponded with the original volume of the fruit juice. The 
water content of this extract varied somewhat in different prepara- 
tions, but contamed on an average 10 to 12 per cent of water. 
Its effeet both on the scurvy and on the weight of the guinea pigs 
was striking when compared to the residue (Chart 2). 

As it is not possible to define the nature of the antiscorbutie 
agent, it seems preferable, for the present, to term it ‘an accessory 
food factor.” That its effeet is not that of a mere laxative has 
been brought out in our previous paper (1) and is fortified by the 
negative results (which will be published elsewhere) obtained with 
laxatives in human seurvy. We may add that its remarkable 
therapeutic effect is not due to the mere salts frequently associated 
withit. Inimany instances we have attempted to cure the scurvy 
of guinea pigs by means of an addition of 1.5 ce. of ‘artificial 
orange juice’ made according to the formula of MeCollum and 
Pitz (2). This is composed of the various salts, citric acid, and 
sucrose In the proportions in which they are found in the natural 
juice. However, in every case it failed to show any curative 
properties. As we have mentioned in the preliminary communi- 
ention, this same negative therapeutic effeet was met with in the 
treatment of two cases of infantile scurvy treated for a period of 
about 3. weeks with appropriate amounts of this preparation. The 
most rensonable interpretation of the suceess obtained by others 
with “artificial orange juice’ would seem to be that the guinea 
pigs which were benefited were suffering trom some disorder not 
comparable with human seurvy. 

A few vears ago one of us reported the observation that the 
peel of the orange contains the antiscorbutie factor (3). This 
was of interest from a practical standpoint as it suggested the use 
of a waste product in place of or in addition to orange juice in 
connection with infant feeding. It seemed of imterest not only 
to test further the value of orange peel im this respect, but to 


ascertain whether it would retain its antiscorbutic virtue in spite of 
drving (Chart 3). The peels which were used for this test were 
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kept in a burlap bag in an ordinary closet for a period of 3 
months. By this time they had become dry and brittle. Their 
composition was as follows: total ether extract, 1.77 per cent: 
non-volatile ether extract at 100°, 1.58; volatile ether extract, 
Q.10; moisture 10.01 per cent. They were ground up before 
using, and 0.5 gm. of this substance was fed daily by means of 
a pipette, after thoroughly moistening with water, to a number 
of guinea pigs. Although all of these animals developed scurvy, 


Period I Period 
Gm May, Oars, waler ad libitum fresn orange peel Substituted 
430 Old desiccated orange peel (05am daily) tor old desiccated orange peel 3 


410 


CHarr 3. Hav, oats, water ad libitum and desicented orange peel (0.5 


gin. daily). This peel was about 3 months old, and had been dried at room 4a 
temperature. It was powdered each dav and given with « pipette. 3 ] 
It will be noted that it prolonged the life of the animals markedly. It : af 
also greatly delaved the onset of seurvy. After a period of 56 days an ts a 
equivalent amount of fresh orange peel was substituted. In the ease of + y 
Guinea Pig B O44 there wasa prompt gain of weight, and a disappearance ee 


of the seorbutie signs. Inthe ease of the two other animals the seurvy 
was cured in one (No. B 961) and Was improved in the other. ant 


they did not evince signs of this disorder for 50 days, proving 
that the peel still retained considerable of its antiscorbutice power. 
Doubtless had a larger dosage been emploved the development 


| 
of symptoms would have been postponed still further. This re- - & 
sult shows that under certain physical or chemical conditions, 18 


which deserve closer study, the accessory food factor is not de- 
stroved for a considerable period. a4 

The effect of an addition of prunes to the oats, hay, and water at 
dietary was tested. This fruit was singled out as it Is used so 
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extensively in infant feeding, and it is, therefore, important for 
physicians to know whether it can replace the orange juice, which 
is commonly preseribed when raw milk ‘s not fed. The prunes 
were soaked in a small amount of water, crushed in a mortar, 
and then fed. Chart 4 shows the failure of this foodstuff which 
is seen to have retained almost none of its antiscorbutic power. 
It is interesting to compare the result with that obtained with 
orange peel, of which only about 5 per cent of the quantity was 
given. 

The second part of this study was designed to test the efficaey of 
dehydrating vegetables. Some vears ago Holst and Frolich (4) 


Gm May, coals, water ad libitum 
370,_Plus_prunes (9am daily) 


—+ 4 


(Harr 4. Hay, oats, water ad fib/tum plus 9 gm. of prunes. The juice 
of the prunes was given by means of a pipette, and the pulp was fed. It 
will be seen that this drv fruit had apparently no effect on the onset or 
severity of the scurvy. 


showed by experiment that dried vegetables had lost their anti- 
seorbutie power. This had been the sad experience in our army 
during the eivil war (5) and in other armies previous to this time. 
The experiments of Holst and his coworkers have been repeated 
and amplifies) recently at the Lister Institute by Chick and 
Hume (6), who came to the same conclusions. Nevertheless 
there is widespread propaganda claiming that ‘dehydrated 
vegetables and fruits differ from fresh vegetables in only one 
respect, namely, in that they have had the moisture taken out” 
and again that ‘‘the trouble is that we like our vegetables fresh.” 
We learn furthermore that in all probability in the near future 
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dehydrated vegetables will become a staple in our army rations. ma 
In view of these various activities, the subject assumes added F 
‘ importance at the present time. 
: The very fact that guinea pigs promptly develop scurvy on 
i a diet which includes an unlimited supply of hay, in other words a) 
3 sun-dried grass, Is strong experimental evidence against the 
retention of antiscorbutie potency after drying. : 
Charts 5, 6, and 7 portray the results of the addition to the : 
regular dietary of three different types of dehydrated vegetables. al 
In the first test dehydrated carrots, bought in the open market, a | 
were fed. In all these experiments the vegetable was mixed with a 
nay, oats, walter ad libitum pius com-~ 
: Gm mercial dehydrated carrots( 76m daily) 
is 
; 
LL 
+ 
| 
: CHART 5. Hay, oats, water ad libitum plus 7 gm. of dehydrated carrots oo 
; purchased in the open market. All the animals died with marked signs of oa 
scurvy. 
as much water as it would absorb, precaution being observed not oe 
: to add a surplus and thus wash out any of the salts. For the 4 
| vegetables made use of in the two other experiments, a grinder was a 
emploved so that they would more readily take up moisture. oo 
It was found that this procedure rendered them more palatable tal 
to the animals. In all cases careful note was made of the amount wi 
of vegetable consumed. In general it may be stated that the ca 
carrots employed in Experiment 6 were not well taken, but that 4 
in Nos. 5 and 7 they were consumed in the amounts provided, 3 i 
excepting towards the end when the animals were weak and sick. ay 
The ‘‘commercial” dehydrated carrots possessed practically no ag 
scurvy-protecting power. It is not possible to state the age of this Pa. 
i 
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preparation, or the degree of heat to which it had been subjected. 
The second lot tested (Chart 6) had been prepared 7 months pre- 
viously by means of drying at room temperature with the aid of 
electric fans. It had meanwhile been carefully preserved in 
waxed cartons. These carrots likewise failed to ward off scurvy. 
When, however, fresh carrots were substituted all secorbutic signs 
rapidly disappeared and there was a prompt change in the general 
condition. The last experiment of this series (Chart 7) was the 
most conclusive as the carrots were excellent in appearance and 
fHavor.! They had been dehydrated about 3 to 5 weeks before the 


Period I Period IT 
May, oats, walter ad 
om libitum plus old dehy- Fresncarrots (35am. daly) 

349 draled carrots (zm dail substiluled for denydrated carrots 

210 $+ —+ 


CHarr 6. Hay, oats, water ad plus 7 gm. of dehydrated carrots 
Which had been dried about 7 months previously at room temperature. 
All animals developed seurvy. Inthe dietary of two an equivalent amount 
of fresh carrots was substituted, with the result that these two recovered, 
losing all signs of scurvy, whereas the other two died. 


test, and meanwhile kept in well sealed paraffined paper bags. 
They were unable, however, to prevent or even notably to defer 
the onset of seurvy, and showed a sharp contrast in this respect 
to the poteney of the fresh carrots which replaced them. 

These experiments are not to be interpreted as showing that 
dehydrated vegetables are not a valuable toodstuff. On the eon- 
trary, in view of the fact that they are capable of furnishing a large 
amount of nutriment to the diet and their small bulk and ready 
preservation, they deserve commendation. They are not, how- 


' These vegetables were furnished by the Mrs. Oliver Harriman Food 


Research Laboratory of New York. 
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ever, the equivalent of the fresh vegetables, and unless this dis- 
tinction is clearly realized it will result in nutritional disorder. 
It is quite possible that the process of dehydration and of subse- 
quent storing can be so improved as to obviate the loss of this food 
accessory. The method includes a number of factors, among 
which the degree of heat employed in dehydration seems less im- 
portant than the rapidity of the process. The temperature and 
state of moisture at which the vegetables are stored have also an 


Period Period I 
Nay, oats, water ad 
libitum plus dehydrated Freon carrots (35m daily) 


6m. carrots (7am daily) substituted for dehydrated carrots 


260 an an om on 


j 


7. Hay, oats. water ad and 7 gm. of dehydrated carrots 
dried at a room temperature of about 130°F. about T month previously. 
All animals developed scurvy. The marked gain in weight when an equiva- 
lent amount of fresh carrots was substituted for the dehydrated vegetable 
corresponded to the disappearanee of scorbutie signs. Guinea Pig B95] 
did not receive fresh carrots, as it was evidently ailing at the time the see- 
ond period began. 


Mpertant bearing on their deterioration. Finally, it is probable 
that certain vegetables will be found to withstand dehydrating 
more successfully than others. It would seem that the onton and 
the cabbage possess the highest degree of antiscorbutic power, so 
that they might be expected to retain the greatest measure of this 
quality after proper drying and storing. 

In conclusion we may add that these experiments with guinea pig 
scurvy coincide with our experience in the treatment of infantile 
scurvy. Indeed, unless the results of animal investigation can 
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be brought into harmony with clinical observation—particularly 
in regard to the efficacy of therapeutic agents—they must be 
looked upon as doubtful and inconclusive. 


SUMMARY. 


Orange juice which had been allowed to age for some months in 
the refrigerator was found to have lost some of its antiscorbutie 
power. This factor may be extracted from orange juice by means 
of 95 per cent alcohol, and is entirely absent in the residue. 

“Artificial orange juice’ prepared according to the formula of 
MeCollum and Pitz failed to protect guinea pigs from or to cure 
them of scurvy. It was also found to lack antiscorbutic power in 
infantile scurvy. | 

Orange peel possesses marked antiscorbutic poteney, and 
withstands desiccation remarkably well, retaining considerable of 
this power after being dried for 3 months. Prunes possess prac- 
tically no value as a preventive against scurvy. 

Dehydrated vegetables were found to contain little or no anti- 
scorbutic virtue. This experience coincides with that encountered 
in relation to human scurvy. As this food is of decided nutritive 

ralue efforts should be instituted to improve the methods of de- 
hydrating and of storing so as to obviate this deficieney. 
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THE INFLUENCE OF ELECTROLYTES UPON THE OS- 
MOTIC PRESSURE OF GELATIN SOLUTIONS. 


By JACQUES LOEB. 
(Prom the Laboratorics of The Rockefeller Institute for Medical Research.) 


(Received for publication, July 12, 1918.) 


[t is generally stated in the literature of colloid chemistry that 
gelatin is influenced by both tons of a neutral salt, and that the 
influence of the anion of the salt is greater than that of the cation. 
The different anions are said to differ in their relative efficieney in 
a definite order, the now famous Hofmeister anion series. The 
writer has shown in a series of articles that all these statements 
are contrary to fact, and that the real facts are as follows: Common 
gelatin (7.e. gelatin near the point of neutrality) is affeeted only 
by the cations of a neutral salt, and not by the anions, univalent 
cations causing an increase in swelling, alcohol number, and vis- 
cositv, While bivalent cations cause no such change. The anion 
of the salt has no effect whatever.!~® The error into which the 
eolloid chemists have fallen is due to the faet that thev always 
investigated the effect of a neutral salt on a protein in the pres- 
ence of the salt, while the writer took the precaution to wash the 
excess of salt away after it had time to act on the gelatin. In 
order to be able to do this he used gelatin in the form of a fine 
powder. A 1 per cent solution of the gelatin used for his ex- 
periments had a hydrogen ton concentration of L077 (pH = 7) 


‘determined by Dr. Dernby). Since according to Michaelis” the 


' Loeb, J., J. Biol. Chem., 1917, xxxi, 343. 

- Loeb, J. Biol. Chem., 1918, xxxiil, 531. 

’ Loeb, J. Biol. Chem., 1918, xxxiv, 77. 

* Loeb, J. Biol. Chem., 1918, xxxiv, 395. 

* Loeb, J. Biol. Chem., 1918, xxxiv, 489. 

Michaelis, L., Die Wasserstofhonenkonzentration, Berlin, 1914. 
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isoelectric point of gelatin is at Cy, = 2.10~° (pH = 4.7) the 
hvdrogen ion concentration of the solution was less than that of 
the isoelectric point. In a paper which will appear in the first 
number of The Journal of General Physiology the writer will show 
that on the alkaline side from the isoelectric point gelatin (and 
cunphoteric electrolytes in general) can exist in an ionized condi- 
tion only as anions, and henee is capable of combining only with 
the cation of a neutral salt, as we had actually found. When the 
hydrogen ton concentration of the solution is greater than that 
corresponding to the isoelectric point, the gelatin (and ampho- 
teric electrolytes in general) can exist in an ionized condition 
only as eations and henee can combine only with the anion of a 
neutral salt. Hence the statement that alwavs both ions of 2 
neutral salt aet on the gelatin, and that the effeet of the anion 
prevails in the case of gelatin is contrary to fact as well as theory. 

In a paper generally accepted by colloid chemists Lilhe’ has 
Claimed that while salts depress the osmotic pressure of gelatin 
solutions, acids and bases have the opposite effeet; and he also 
expresses the general belief that both tons of a salt are effective 
and that the relative depressing effect of the anions of neutral 
salts follows the order of the Hofmeister anion series. 

Lilhe’s conelusions are as follows: 

“Aeid and alkali increase the osmotic pressure of gelatin solutions: 
in general these substances atfeet the osmotic pressure of gelatin solutions 
in the same manner as they do the rate of swelling of solid gelatin plates 
immersed in water. 

“Addition of salts depresses the osmotic pressure of both colloids 
‘gelatin and albumin!: the degree of depression is a function of the nature 
of both the anion and the cation of the salt. It inereases in the order: 
alkali metals < alkali earths < heavy metals (for cations); and CNS < 
I< Br< NO; < Cl< F< plurivalent anions—SO,, tartrate, citrate. 
phosphate (for anions).775 

The statement that acid and alkali increase the osmotie pres- 
sure while salts depress it is as we shall show merely due to the 
fact that Lillie worked with low concentrations of acids and bases 
in which the repressing effect of the presence of the electrolyte 
is Jess noticeable: while he worked with high concentrations of 


7 Lillie, R.S., Am. J. Physiol., 1907-08, xx, 127. 
8 Lillie, Am. J. Physiol., 1907-08, xx, 169. 
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the neutral salts in which the repressing effect of the presence 
of the electrolvte was noticeable. Had he used stronger con- 
eentrations of alkahes and acids he would have noticed that 
the depressing effect which he observed in the case of salts is 
equally pronounced in the case of acids and bases. We shall 
-how in this paper that the influence of electrolytes upon the 
osmotic pressure of gelatin runs parallel to the influence of the 
electrolytes upon the swelling, viscosity, and alcohol number 
of gelatin, demonstrated by our previous papers, Inasmuch sas 
only the cation of a neutral salt influences the osmotic pressure, 
while the anion is without influence upon common gelatin. We 
shall show, moreover, that while the salts with monovalent ention 
increase the osmotic pressure, the salts with bivalent eation have 
no such effect. The same difference exists between the influence 
of bases with univalent and bivalent eation and between mono- 
basic and dibasic aeids. In order to show this we have to 
wash away the excess of the electrolyte after it has had time to 
act on the gelatin. | 

The osmotic pressure was determined by the simple method de- 
vised by Lillie.’ Small bags in the shape of Erlenmever flasks 
were made ot collodion and the neek of each baw was fitted into 
1 perforated rubber stopper and made tight with the aid of rub- 
ber bands. A vertieal glass tube of about 2 mm. diameter went 
through the hole of the stopper into the gelatin solution which 
at the beginning filled the bag and the lower end of the @liss tube 
to about 20mm. All sar bubbles were exarefully removed from 
the bag. The latter was then put into a large beaker containing 
about 250 ce. of distilled water. The beakers were in a water 
bath kept at a temperature near 20°C. The final equilibrium 
of the column of liquid in the glass tube was reached over night 
and remained constant for the next 24 hours. Our final measure- 
ments were usually made after about 16 hours. 

It was found that our collodion bags were easily permenble for 
salts like NaCl, but were practically impermeable for gelatin. 
When a bag was filled with a mw 2 NaCl solution and put into 
distilled water, the liquid in the bag or the glass tube serving as 
nanometer rose during the first half hour toa height of about 70 
tm. and then fell rapidly. In a few hours the osmotic pressure 
of the solution was zero. When the same experiment was made 
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with a Ll per cent gelatin solution put into a beaker with distilled 
water, the pressure rose slowly to a height of about SO mm. and 
remained there for several days—in fact as long as we continued 
the experiments. A test made of the distilled water surrounding 
the bag failed to give the biuret test after 16 hours. 

Lilhe’s method may not be sufficiently accurate to satisfy the 
demands of the physicist,® but it is adequate to allow us to show 
that our former statements concerning the influence of neutral 
salts upon the physical properties of gelatin (swelling, viscosity, 
and resistance to precipitability by aleohol) hold also for the 
influence of neutral salts upon the osmotic pressure of gelatin 
solutions. 


I]. 


Qn the basis of our previously published experiments we should 
expect that a treatment of powdered gelatin with a neutral salt 
with univalent cation should cause an increase in the osmotic 
pressure of the gelatin, after the excess of the salt solution is 
washed away, since the treatment of the gelatin with neutral 
salts should lead to the formation of metal gelatinates. The 
higher the coneentration of the salt solution used, the greater the 
mass of metal gelatinate formed and the greater the merease in 
osmotic pressure to be expected. On the other hand, treatment of 
gelatin with neutral salts with bivalent metal should on the 
basis of our previously published experiments not Cause any in- 
crease in osmotic pressure after the exeess of salt has been washed 
awav. Table [T shows that these theoretical expectations are all 
fulfilled. 

The method was the sameas that used in the experiments on 
aleohol precipitabilitv. | gm. of powdered gelatin going through 
SOmesh sieve but not through one of 60 was put for | hour inte 
hOO ee. of the solution of a neutral salt to bring about a chemical 
renetion between gelatin and salt. The powder was then put on 
a filter, the salt solution allowed to drain off. and the gelatin was 
perfused six times with H.O to remove the last traces of salt 

‘Two factors in our present method seem to cause a variation in the 
results: first. possible differences in the permeability of the membranes, 
and second, ditferences in the degree of washing away the electrolytes in 


solution and. if the wa-hing is exeessive,in combination with the gelatin, 
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solution held in the capillary spaces or adhering to the surface 
of the granules. The gelatin was then heated for about LO min- 
utes in a water bath of 50°C. so as to liquefy the gelatin, and 
distilled water was added to make the solution | per cent. With 
this gelatin solution free from the salt with which the gelatin 
had been treated the influence of salts upon the osmotic pressure 
was determined. 


TABLE I. 


Ostmotie pressure in mm. of | per cent gelatin solution 


in distilled water, made from powdered gelatin treated 
for 1 hour with one of the following solutions and 
then perfused six times with 25 ce. Hot) to wash away 
the excess of salt solution. 


Na] 134) 122/123'107| 99; 93] 80; 77) 71) 74) 77 
NaBr | 136133123 118 107, 88) 78 79 82) 78 76, 78 79 
NaCNS, {132) |118}107| 94) 94) 82) 88; 78, 75; 73) 74 
Na neetate 92) 89 79! 78 77 75!) Sl 
116 120 116-100) 95 SO 72> 75 6S 
LiNQO, 121/126 104/102; 91; 84) 81) 73) 73 | 73 
145,138 137 1271105) 94 86, SO) 83 SL 77 77\ 77 
150 166 156151136 107 83) 
Nay tartrate. 166 159142129 116.110 9S 77) OO) 7S 
suecinate | 170 165 132/112! 91! S35; 81 
Nas oxalate 100; 91; 8S; 90) 94) 90) SS) ST) CS S2i Si 
i. 79| $3} 82} 82) 78} 81; 78! 78) 
CaCl, 82) SA) S4)-83) SO; SI 
81; 78: 83) Sli 82) S82!) 76 | 78 
70! 73) 76) 76; SO} 82; 81) 81!) 80} 82 
\igs®), 384; 80) 80; 82); 83) 82) 79 SO: 82) 82) 


In looking at the results in Table [it is strikingly clear, first, 
that a treatment of the gelatin with a neutral salt with a bivalent 
metal, MgCl., CaCl, ete., leads to no increase in osmotic pressure, 
even if we go up to M 4 solutions. (We cannot go bevond this 
limit on account of the liquefving effect of the higher coneen- 
trations upon the gelatin and the difficulty of freeing the solution 
from the excess of salt.) 
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Second, it is obvious that MgSO, acts exactly as MgCl, thus 
indicating that the anion has no influence. 

Third, it is obvious that the salts with univalent cation in- 
erease the osmotic pressure of the gelatin. 

Fourth, it is obvious that the molecular concentration required 
to cause a perceptible rise (to 90 mm. or above) tn the osmotic 
pressure is for salts of the type NaCl (Cunivalent cation, uni- 
valent anion), higher than for salts of the tvpe NasSO, Cuniva- 
lent cation and bivalent amion). For the former it is between 
Mm 128 and Mm 256, and for the latter between M 256 and M 512: 
indieating that the coneentration of the cation alone (or practi- 
cally exclusively) determines the effeet of the salt) regardless of 
the nature of the anion, though this latter result does not come 
out as strikingly as in the measurements of the precipitability 
of gelatin with aleohol or the limiting concentration tor additional 
swelling.” ° Within the limits of the imperfections of Our present 
osmotic pressure determinations the results on osmotic pressure 
confirm our theory of the action of neutral salts upon proteins 
expressed in our former papers. The only exception noticed is 
the oxalate solution, which apparently caused a preeipitate in 
the gelatin. 

IIT. 


Our theory furthermore demands that bases should influence 
the osmotic pressure of gelatin in a sense parallel to that of the 
eorresponding neutral salts; mamely, a previous treatment of 
powdered gelatin with NaOH and KOH should cause a consider- 
able increase in osmotic pressure (after the free base is washed 
away) while BaCOH and CacOH). should cause no or at the 
best only a slight inerease in osmotic pressure under the same 
conditions of experimentation. According to our theory bases 
net upon proteins of the type of gelatin (provided that pH > 4.7) 
like neutral salts, both causing the formation of metal protein- 
ates, While the anion of the salt has apparently no influence upon 
the protein. A glance at Table I] shows this expectation to be 
correct. | gm. of powdered gelatin was put for half an hour 
into the solutions of the different bases and then treated ina 
similar way as in the case with salts. The excess of alkalies was 
allowed to drain off and the gelatin was washed four times with 
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25 ec. of A treatment of the gelatin with leads 
fo no inerease in the osmotic pressure of the solution while a 
treatment with Ba(OH).s may lead to a shght increase after the 
excess Of base has been washed away. On the other hand. treat- 
ment of the gelatin with NaOH and KOH leads to a considerable 
increase im the osmotic pressure after the excess ot alkali lias 
been washed away. 
TABLE IL. 
Osmotic pressure in mm. of per cent gelatin solution in distilled water 
made from powdered gelatin treated for 30 min. with ee of one of the 


following solutions and then perfused four times with 25 ce. Lit?) to wast 
away the exce-s of salt solution 


: = ~ = 
163: 129 | 115 | 102 76 
Bal OH je. Da. BS 9.) SS 


FV. 

The fact that salts or bases with bivalent cation do not lead to 
an increase in the osmotic pressure (or the swelling. the viscosity, 
and resistance to alcohol precipitation) of prote:ms might be in- 
terpreted to mean, that such salts or bases do not combine with 
proteins. Such a view is, however, repudiated by the facts of 
antagonistic salt action, inasmuch as it ean be shown that the 
addition of a comparatively small amount of a salt with bivalent 
eation inhibits the increase in osmotic pressure (and also the in- 
erease in swelling, viscosity, and resistance to aleohol precipita- 
tion)! * eaused by a treatment of the proteins with a salt or base 
with univalent eation after the excess of salt solution is washed 


The method of our experiment was as follows: | gm. of powdered 
gelatin was put for | hour into 100 cc. Mm S NaCl containing 0. 
1, 2,4, 6, 8, 12, 16, and 32 ce. mM 8 CaCl. or BaCl.. After 1 hour 
the gelatin was put into a funnel, the salt solution was allowed 
to drain) off. and the powder was then perfused six times with 
25 ce. of H.O to remove the last traces of the salt solution. After 
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this, | per cent solutions of these different gelatins in distilled 
water were made, and the osmotic pressures were determined. 
It was found that the addition of Ca or Ba diminishes the rise in 
osmotic pressure which is caused by the pure solution of NaCl, 
and this diminution is the greater the more Ca or Ba had been 
added. The addition of 1 or 2 ce. of CaCl, or BaC ls had already 
a noticeable effeet (Table IIT). 

This proves that the salts with bivalent cation prevent the 
increase of osmotic pressure caused by the salts with univalent 
ention. The same antagonism has already been demonstrated 
in the writer’s previous papers for additional swelling, increase in 
viscosity, and resistance to aleohol precipitation. The reader will 
remember that in all these experuments the excess of salt solution 
was washed away after the salt had had time to act on the gela- 


TABLE 


(¢smotiec pressure in tim. of l percent gelatin solution 
in distilled water, made from powdered gelatin treated 
for | hour at 20° with 100 ce of an mM) & NaCl solution 
containing various amounts of Mw 8S CaCle or BaCh, 
and then perfused six times with 25 ec. HeO to wash 
away excess of salt. 


100 ce. M/S Na€l ec. CaCl or | 
Balle 2 12 16 | 24 | 32 

131, 129; 120: 107' 106; 99: 94 | 90 1 84 

NaCl+ BaCl, 134; 125; 111 98: 110' 29 | 97 | 83 86) 74 


tin. These expermments prove that the salts with bivalent cations 
react with gelatin. 

According to our theory the same antagonism as between 
NaCl and BaCl. should exist between NaOH and BalOH)se. 
This was found to be true. 

Powdered gelatin was put into LOO ce. of mM 52 NaOH (free 
from carbonate) containing O, 1, 2, 4, 6, 12, 16, 24, and 32 ce. 
ue 32 BaCOlD.. The mixture was contained in tightly stoppered 
bottles, and the powder remained in the mixture 30 minutes. 
After this the gelatin was put into funnels, the alkali solution 
allowed to drain off, and the gelatin was perfused four times with 
25 ce. of H.O to remove the last traees of the original solution 
from the capillary spaces between the granules. Table IV shows 
that the expected antagonism between NaOQH and Ba(OH)> was 
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found, and in addition that the antagonistic action exists also for 
swelling and precipitation with alcohol. 

These experiments are only intelligible on the assumption that 
the salts and bases with bivalent cation influence the protein in 
the same way and that, moreover, the bivalent eations inhibit 
the effect of the salts and bases with univalent cation. 


TABLE IV. 


l gm. powdered gelatin put for 30 min. into one of 
the following solutions and then perfused four 
times with 25 ec. Hel). 


382 NaOH ce. Mm 32 BaiOHe 0 l 2 4 }2 16 24 


32 
pressure im mim, of | 

per cent gelatin solution ISS) 147 1470155 126) Ito; 10° 105 
Potal swelling in omm. o 

height of evlindrieal mass o1 

Coe. 95 per cent aleohol  re- 

quired te precipitate o 

of | per cent gelatin so- 


We will now show that if we do not remove the excess of solution 
of electrolyte with which the gelatin is treated, the effects of the 
electrolyte will be repressed and that this repression varies with 
the concentration and nature of the electrolyte. Phe measure- 
ments for the effeet of electrolyte upon the osmotic pressure of 
gelatin will thus be the resultant of opposite influences of the 
electrolyte, the relative quantity of which is unknown in each 
ense; and what appears to be the effect of the electrolyte upon 
the gelatin is tn reality the difference between the unknown effect 
of the electrolyte upon the gelatin and the equally unknown re- 
pressing effect of the presence of the exeess of electrolyte. In- 
stend of arriving at the clear results which our method gives, we 
arrive at indefinite results which misled Hofmeister into the 


erroneous statement concerning the effect of anions upon the 
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swelling?!’ and the authority of Hofmeister obviously induced 
Lilhe to look for a confirmation of Hofmeister’s statement. 

The experiments represented in Pable Vowere made in a simi- 
lar way as those of Lillie. A 1 per cent solution of gelatin was 
made up in the solution ot the electrolyte whose effect was to be 
studied, and the same solution of the electrolyte was put into 
the beaker surrounding the collodion bag containing the | per 
eent gelatin solution. Since the membrane is entirely permenble 


TABLE 


(osmotic pressure ino min. of per eent gelatin solution in 
presence olf electrolyte 


ar t | 
17 48 SS 46 104 (160 830 205) SI 26 
39 6 90121 99:140:103 34 46 8] 
(OH). OHO 49 SO 71 162 107 115 110 
of Sa; 22) 38. 42) GO Zs 
35: 35: 42) 42 | 29) 58: 62) 711 70; &7 
Na neetute $3. 43 45 Lost. 5? 66 7O SO 1OLITIS 110 
NaCNes 3 55 OH SO 95 100 100 
Nios), 24; 25; 41 16 | 35, 41; 47! 62) 92: 


to crystalloids, the osmotic pressure of the gelatin solution can be 
measured in this way. 

(group Table V, gives the osmotic pressure of a per cent 
gelatin solution in the presence of a monobasic acid. HNO, a 
base with univalent cation, NaOH, and a neutral salt, NaCl. 
It is obvious that the presence of the base NaOH depresses the 
osmotic pressure below that of a non-treated gelatin solution as 
soon as the concentration of NaOH is Mm 64 or above; and the 


Hofmeister Arch. exp. Path. u. Pharmakol., xxvini, 210 


— 4 

i 


Jaeques Loeb 


same is true as soon as the concentration of the acid is M 32 or 
above. According to Table | NaCl only begins to cause a marked 
increase in osmotic pressure ino concentrations above M [2S or 
ue tb, but the presence of the salt in these or higher concentrations 
prevents the manifestation of this increase. 

Henee the behavior of gelatin in the presence of clectrolytes 
conforms with the results and conclusions from our former 
experiments. 

Furthermore, a glance at Group II, Table V. brings out a tur- 
ther confirmation of our theorv; namely, that neutral salts with 
bivalent cation, BaCl., behave like bases with bivalent cation, 
BalOH is. and acids with bivalent anion, inasmuch as im 
all three cases the osmotic pressures run lower than the corre- 
sponding pressures inp Group T, which was to be expected ae- 
eording to our previous publications. 

(Giroup TL], containing different salts of Na, shows that there ts 
no basis for assuming the validitw of the Hotmetster series upon 
the osmotic pressure. The variations between the effects of so- 
dium salts with different anions are within the limits of error ot 
the method or due to differences in the repressing effect of the 
different salts present. Neither do Lillie’s own observations sup- 
port the validity of the Hofmeister series. He states: Indi- 
vidual varinbility is so strongly marked in colloidal solutions that 
little reliance can be placed on the order of action observed in a 
single series of determinations. ..0. 2) When we tree the 
solution from oan excess of salt, the results become clear and 
lenve no doubt that the alleged anion effect of neutral salts upon 


velatin does not exist. 
SUMMARY. 


|. It is generally stated in colloid chemistry that only acids 
and bases cause an increase in the swelling, the viscosity, and 
the osmotic pressure of hydrophilic colloids, while neutral salts 
of the type of NaCl have little or, according to Lilhe, a directly 
opposite effeet. The writer has found that neutral salts act 
exactly like acids and bases inasmuch as neutral salts ane 
bases with univalent cation and acids with univalent anion 


Lillie, Am. J. Physiol., 1907-08, xx, 152. 
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increase the swelling, the viscosity, and resistance to preeipi- 
tation by aleohol of gelatin, while salts and bases with = biva- 
lent cation and acids with bivalent anion (with the exception of 
some organic acids) have no or only a slight effeet. In this 
paper it is shown that the same is true for the influence of 
electrolytes upon the osmotic pressure of gelatin. 

2. It was found by the writer that only the cation of neutral 
salts acts upon gelatin in neutral solutions or in solutions with 
pl > 4.7, while the anion of neutral salts does not influence the 
osmotic pressure and the other physical qualities of gelatin 
swelling, viscosity, and alcohol precipitability). 

3. These experiments contradict the statements generally made 
in colloid chemistry that the influence of neutral salts upon a 
protein is the algebraic sum of the opposite effects of the oppo- 
sitely charged ions of the neutral salt. They also contradict the 
statement that common gelatin (at the point of neutralitv) is 
influenced more strongly by the anion than by the eation of a 
neutral salt. | 

4. The difference between our results and those of the older ex- 
perimenters is due to the tact that in the older experiments the 
effects of neutral salts upon gelatin were always measured in the 
presence of the salts. We were able to show that the presence 
of the salt represses the manifestation of its effects upon the gela- 
tin and that it is therefore necessary to remove the excess of the 
salt after it has had time to act on the protein. 

5. Our results are in agreement with a theory of the behavior of 
amphoterte electrolytes, which will appear in) The Journal of 
General Physiology: namely, that on the more acid side of their 
isocleetric point amphoteric electrolytes can exist, when 1onized, 
only in the form of cations, while on the less aeid side of their 
isoelectric point they can exist, When tonized, only as anions. — In 
the former case the ampholyte can combine only with the anion, 
in the latter only with the cation of a neutral salt. Sinee gelatin 
has its isoelectric point at pH = 4.7, while the gelatin used by 
us hada pH = 7, such gelatin could react only with the cation 


of neutral salts. 
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A SIMPLE APPLICATION OF THE VOLHARD PRINCIPLE 
FOR BLOOD PLASMA CHLORIDES. 


By W. C. RAPPLEYE. 


(From the Pathological Laboratory, Foxboro State Hospital, Foxboro, Mass 
(‘Received for publieation. July 17, 191s. 


In an attempt to secure a convenient, rapid, and accurate 
method of determining the chloride content of blood plasma, the 
following application of the Volhard principle was found to be 
satisfactory. This principle is the precipitation of the chlorides 
by a standard solution of silver nitrate and the subsequent. ti- 
tration of the excess silver nitrate by potassium sulfocvanate, 
using iron-ammonium-alum as an indicator. The end-point is 
the first permanent reddish tinge due to the formation of ferri- 
evyanate when all the silver nitrate is combined with the titrating 
solution of potassium sulfoevanate. Knowing the amount of 
silver nitrate which has reacted with the halide present and the 
value of the silver nitrate solution in terms of sodium chloride, 
allows one to ascertain the amount of sodium chloride present in 
the original fluid 

In making determinations of substances in the blood, 2 method 
for such determination must be sufficiently accurate to allow the 
use of small samples. The objection to the usual Volhard pro- 
ecdures is that the solutions, especially the back titrating solution. 
are too strong. Each unit of measurement is equivalent to so 
much sodium chloride that a variation in back titration of a 
single drop (0.05 ee.) introduces a considerable error in the de- 
termination of the sodium chloride in a small sample. sav 2 ce. 

The following solutions were niade up. 


Solution J. 


Nitric acid (concentrated)................... Sores ee. 
Saturated solution of 5000 
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Blood Plasma Chlorides 


Solution IT. 


Potassium sulfoevanate in distilled water of such strength that 25 ee. 
is exnetly equivalent to 5 ec. of the silver nitrate solution. Each ec. of 
the silver nitrate solution is equivalent to 2.5 mg. of sodium chloride and 
each ce. of the potassium sulfoeyanate solution is equivalent to 0.5 mg. 


of sodium chloride. 
Procedure. 


I. Place 2 ce. of citrated plasma (oxalated plasma is not satis- 
factory) ina 50 ee. volumetric flask containing 380 ec. of distilled 
water. 

2. Add 10 ee. of Solution T and make to mark. 

3. Allow the mixture to stand 5 to 1O minutes. 

4. Filter through a dry filter paper free from chlorides (or sepa- 
rate precipitate by centrifugalization). 

5. Puke 25 ce. of the filtrate and back titrate with Solution IT, 
using a white baekground. 

6. Subtract the number of ce. of Solution IL from 25 and 
multiply by 50 to obtain the number of mg. of sodium ehloride 
per 100 ce. of blood plasmin. 


Accuracy, 


It has been mentioned that cach ce. of the back titrating 
solution is equivalent to O.5 mg. of sodium chloride, hence a 
variation of 0.05 ce. (about one drop) in back titration represents 
a variation in the final figure of 2.5 mg. of sodium ehloride per LOO 
cee. of plasma. The end-point can be obtained consistently to 
within two drops, and, since the determinations are made on 
fluid contaiming about 575 to 600 me. per LOO ce., the error is 
less than - per cent. The potassium iodide solution used for 
back titration in the MeLean and Van Slvke method is of such a 
strength that a variation of 0.05 ce. (about one drop) in the 
back titration introduces a variation in the final figure of 6.25 
mg. per LOO ce. of plasma. 

To test the accuracy of the method, determinations were made 
of the chloride content ef the plasma of a number of individuals 
by this method, and then salt to the value of 100 mg. per 100 
ee. was added and the values were again determined. The fig- 
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; ures are given below. The theoretical values (in parentheses) 
: after the addition of salt assume the original determinations (at | 


the left) to be correct. 


Plasma. | Determined Added Recovered. Theoretical value. 
mg. mid. mig mg j 
600.0 100.0 700.0) T7000) 
595.0 100.0 697.5 695.0) 
1] 587.5 100.0 687.5) 
595.0 100.0 695.0 695.0) i 
| 100.0 605.0 T00.0) 
617.5 100.0 715.0 717.5) q 
V 612.5 100.0 715.0 712.5) 
VI 595.0 100.0 605.0) q 
; van” HOT 10000 492.3 (96.9) 
VIL 642.5 | 100.0 745.0 742.5) 
IX 595.0 100.0 605.0) 
\ O17 5 412.5 717.5) 
Ascitie flutd. 
A To cheek the method further, parallel determinations were 
: done on samples of plasma by this method and by the MeLean 
: and Van Slvke method. A comparison of the values obtained 
follows: 
Plasma Slyke Method 
mg. mg. 
75 5900 
993.75 590.0) 
1] 605.0 
IV 625.0 | O17.5 
V 606 25 602.5 
HOG. 25 605.0 4 
VI | 585.0 
| 593.75 | 587.5 
Vil | 631.25 637.5 
THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL NNNV, NO : 
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O12 Blood Plasma Chlorides 


When possible to secure enough fluid to permit the use of 
larger samples (pleuritic or ascitic fluid, ample blood, ete.), the 
plan of using 5 ec. is followed. In such instances, place 5 ce. in 
100 ec. flask containing distilled water, use 25 ce. of Solution I 
and back titrate as before, with 25 ce. of the filtrate. The fig- 
uring is a little different, owing to the different relationship of 
the standard solutions. Instead of subtracting the sulfoevanate 
figure from 25 and multiplving by 50, to secure the number of 
mg. of sodium chloride in LOO cc. of the fluid examined, subtract 
the back titration figure from 31.25 and multiply the result 
by 40. 

Another modification can be made by using a potassium sulfo- 
evanate solution, each ec. of which is equivalent to 1.0 mg. of 
sodium chloride. By making this solution stronger, a clearer defi- 
nition of the end-point is obtained but, of course, it is not as deli- 


eate a back titrating solution as the one mentioned above. 
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THE DETERMINATION OF CREATININE AND 
CREATINE IN BLOOD. j 


By W. DENIS. - 
From the Chemical Laboratory of the Massachusetts General Ho peta! 
Boston. } 


“bo 


(Received for publication, July 22, LOIS. 


The method of Folin! for the determination of creatinine and 
ereatine in blood, which has gained extensive use, particularly 
in connection with clinienl material, has, during the past 2 vears 
been the subject of eritical study by Wilson and Plass.? by Hunter 
and Campbell? and more recently by Greenwald and MeGuire. 
The conclusions reached by these three groups of investigators 
have been in the main identical; 7.e., that the results obtained for 
preformed creatinine and for total creatinine (creatine plus cre- 
atinine) are much too high; in fact, according to Hunter and 
Campbell, the figures for creatine in whole blood may be ‘four 
times as high as the amount [of this substance] actually present.’ 

A method for the determination of creatine and creatinine in 
blood has been deseribed by Wilson and Plass, which according to 
these Investigators gives more accurate results than the Folin pro- 
eedure. This method consists essentially in the precipitation of 
the blood proteins with dilute acetie acid and aluminium hlivdrox- 
ide, determination of the preformed creatinine in the filtrate Catter 
appropriate Concentration) and total creatinine in the same after 
heating with hydrochloric seid. 

Greenwald and MeCGutre have more recently described two 
methods for the determination of creatine and creatinine in blood. 
lh one, precipitation is 2ecomplished by means of dilute acetic acid 
and “dialyzed iron,” in the seeond procedure trichloracetic acid 
is used to remove the proteins. In addition these investigators 

' Folin, O., J. Biol. Chem., 1914, xvii, 475. 

° Wilson, D. W., and Plass, FE. D., J. Biol. Chem., 1917, xxix, 415. 


* Hunter, A., and Campbell, W. R., J. Biol. Chem., 1917, xxxui, 195. 
* Greenwald, L., and MeCuire, G., J. Biol. Chem., 1918, xxxiv. 103. 
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have introduced the use of kaolin which they have found to re- 
move creatinine quantitatively from solution but to be without 
effect on creatine. 

Until a sufficient time has elapsed to allow these new processes 
to be given a thorough trial, it would perhaps appear superfluous 
to publish further methods or modifications. It has, however, 
seemed worth while to deseribe a procedure for the determination 
of creatine and creatinine in blood which has been used in this 
laboratory for some time, because, while it is in all probability 
In no way superior to the trichloroacetic acid method of CGreen- 
wald and MeCuire, it is considerably less time consuming than 
the methods which involve coagulation with boiling acetic acid, 
and is, we find, extremely convenient to use where it is desirable 
to determine both non-protein nitrogen and creatinine in the same 
ssumple of blood. | 

The method of precipitation is essentially the same as that 
deseribed by Folin and Denis® for the determination of non- 
protein mitrogen in blood by direct Nesslerization. 

Blood is collected in bottles containing powdered potassium 
oxalate (0.10 em. of oxalate to 10 to 15 ce. of blood). 10 ee. of 
blood or plasma are pipetted into a 50 ce. volumetric flask con- 
taining an approximately equal quantity of distilled water, and 
6 ce. of a 20 per cent solution of m-phosphoric acid are then 
added. The flask is shaken, allowed to stand for at least 1 hour, 
then made up to volume with water, and the contents are filtered. 
Two 10 ce. portions of the filtrate are measured out, one into a 
25 ce. volumetric flask, the other into a simular flask of 50. ee. 
enpacity. 

For the determination of preformed creatinine add to the first 
portion (contained in the 25 ec. flask) LO ce. of saturated pierie 
acid solution, and 2 ce. of LO per cent sodium hydroxide solu- 
tion; allow the flask to stand for 10 minutes, make up to volume, 
and read against an appropriate standard. 

For normal blood, standards containing O.OL and 0.02 mg. of 
creatinine are usually all that are required. For work on patho- 
logical material, however, it has been found necessary to use 
standards contiuning 0.03, 0.04, 0.05, 0.08, and O.LO me. 

It has been found most convenient to retain the principle de- 
scribed in connection with Folin’s original method of making up 


‘Folin, O., and Denis, W., J. Biol. Chem., 1916, xxvi, 491. 
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these stock standard solutions with saturated pierie acid.” as in 
this media the creatinine appears to keep indefinitely; in all, 
seven standard solutions are provided, made up in saturated 
pierieg acid to contain from O.OL to O10 mg. of creatinine in LO ce. 

To prepare a standard for any given determination, place 10 
cee. of one of the above standard solutions ina 25 ce. volumetric 
flask, add LO ce. of distilled water and 1.5 ce. of LO per cent so- 
dium hydroxide solution, let stand 1Osminutes, then make up to 
volume with distilled water. 

To determine total creatinine (ereatine plus creatinine) heat 10 
eo. of the original m-phosphoric acid filtrate for halt an hour in 
an autoclave at P20°C. or add about 75 ce. of distilled water 
and heat to boiling on a hot plate for 3 hours. When cool, add 
to the solution (witch should have a volume of approximately 
lO ce.) of saturated prerie acid: solution, 2 ec. of per 
cent sodium hydroxide, and let stand for LO minutes; then make 
up to volume (50 ce.) and read against an appropriate standard. 
The standards most useful in work on normal material are those 
containing O.OS or me. of creatine: tor pathological blood 
standards containing O.15, O.20, and O.30 me. are sometimes 
necessary, 

The standards are prepared in the same general manner as de- 
seribed for the determination of preformed creatinine: LO ee, 
of the appropriate preric acid standard solution, LO cee. of distilled 
water, and 1.5 ee. of LO per cent sodium hydroxide. 

Blood filtrates prepared by means of m-phosphoric acid, when 
treated with alkali and prerie aetd as desertbed above, reach ther 
mnaXximum color in S minutes, the continued evelopment of color 
after LO minutes standing which ts observed in the blood filtrates 
obtained by means of the prerie acid precipitation being entirely 
absent. 

In Table Tare presented a few of the results obtaimed by the 
use of the above method. As will be seen the figures obtaimed 
tor preformed creatinine are slightly lower than those secured by 


* All the prerie acid used in this work had been purified according to the 
method of Folin and Doisy Chem... WG-17, xxviti, 349). Our 
‘saturated’ pierie acid solutions had been made up to eontaim per 
eent prerie seid, 

A Duboseq colorimeter was used for the color Comparisons, the standard 
solution being set at 20 min. 
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following Folin’s method, while in the ease of the results on total 
creatinine the discrepancy becomes relatively large. That these 
low results are not due to mechanical losses of creatinine or cre- 
atine or to chemical decomposition of these bodies by the reagents 
used is proved by the fact that I have repeatedly carried small 
quantities of pure solutions through the process as above out- 
TABLE I. 
Creatinine and Creatine in the Blood of Hospital Patients 
Vg. per 100 Ce. of Blood, 


Folin method Proposed method 

No Diagnosis 
Preformed Prerormed Total 

creatine, creatine creatinine  cCreatimine. 

Arthritis 1 0 1 00 Hho 
QO OS 1 OO 
t Cardiorenal disease 1 30 I? O 1 00 S 0 
5) Cardiac. . 1.10 1.0 1 OO 
Gastrie ulcer 1.0 0 O95 6.5 
ri SS 1 00 
9| Hernia..... 10.0 1.00 | 
10) 1.2 120 | 6.3 
11° Pneumonta....... 3 a0 1 OO 6.3 
12) Fractured femur. 8.3 
13 Syphilis...... | 2 100 | 63 
15 Arthritis... 0.95 9 4.0 
16) Pleurisy 10 () 10 5.5 
Cardiorenal disease 2? 1 0 6.0 
IS) Chronie constipation... 4 
10 7.9 10 5.6 
QO 9S SS 10 5.0 
Cardiorenal disease 1 10 1! 0 10 
2) Arthritis. . 1 10 0 £6 
23 Cystitis 1 20 1 60 


lined and obtained quantitative recovery; in the light of our 
present knowledge it must therefore be concluded that the method 
of protein precipitation used has eliminated, to a certain extent 
at least, the reducing bodies other than creatinine to the pres- 
ence of which has been attributed the high results obtained by 
the pierie acid precipitation. 
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FAT-SOLUBLE VITAMINE. I.* 


By H. STEENBOCK, P. W. BOUTWELL, anp HAZEL EF. KENT. 


(From the Laboratory of Agricultural Chemistry, Crnrversity of Wisconsin 


Madison.) 
(Received for publication, July LOIS. 


In 1916, it was reported from this Iaboratory that the fat- 
soluble vitamine could be separated from melted butter fat by 
shaking it with successive portions of water.' This statement 
was Justified only in part. We have since found that while the 
vitamine was removed from the washed butter fat the washings 
did not contain it. Somewhere in the course of the manipula- 
tions to which the butter fat had been subjected factors had been 
introduced which were responsible for a vitamune destruction. 
These observations were surprising as the idea is quite generally 
prevalent that the fat-soluble vitamine is stable.’ As far as the 
authors are aware only one case has been reported in which a 
lability of the vitamine was observed. This observation was 
made by Osborne and Mendel? working with butter “oil.” In 
butter fat under their conditions they found it entirely stable. 
In our next experiment, we tried shaking the melted butter fat 
without change of water. After 12 hours of this treatment. the 
water was separated from the fat, brought down tn racuo, and 
such residue as it left was united with the treated fat. This also 
gave an entirely inaetive preparation. Aerating butter fat at 
100° for 12 hours led to the same result; the vitamine had been 
completely destroved. Later experiments showed that in the 

* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

'MeCollum, I. V., Simmonds, N., and Steenboek, H., J. Biol. Chem., 
1917, XXIX, P. XXV1. 

? Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1913-14, xvi, 423; 
1915, xx, 379. McCollum, E. V., and Davis, M., Proce. Soc. Exp. Biol, 
and Med., 1913-14, xi, 101. 

3 Osborne and Mendel, J. Biol. Chem., 1916, xxiv. 37. 
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shaking process the vitsrmine was not always completely dest roved 
for rensons which will be evident later. 

At one time we were inclined to consider the process leading to 
the destruction of the vitamine as an oxidation phenomenon, but 
the evidence obtained from feeding butter fats shaken with ear- 
bonated water did not strengthen this pointof view. “The manipu- 
lations were not controlled carefully cnough, however, to decide 
this point definitely. 

We now realize as we did not before that heat alone in the ab- 
sence of water or in the absence of conditions designed to bring 
about intimate contact with sir was responsible for the vitamuine 
destruction observed in the early experiments. In all of these 
the butter tat had been heated and thus the destruction of its 
Vitamine brought about. When butter tat is heated tor 4 hours 
at 100°) so much of its vitumine may be destroved that with our 
basal rations, using rats as the expernmental animal, no demon- 
strable amounts of the vitamine remained. 

The failure of other investigators to note this destructive action 
was undoubtedly due to the high initial content of fat-soluble 
Vitamine in the materia! studied. The destructive process is evi- 
dently a renetion of low velocity. With large amounts of vitamine 
present and with heat treatment for a limited period of time, 
sufficient amounts of the vitamuine remained to satisfy all the re- 
quirements for normal growth in the experimental animals. The 
most favorable conditions tor such observations obtain when the 
amount of vitamine is barely sufficient for normal or even slightly 
subnormal growth. These conditions obtained in Ration 3806 as 
shown in Chart 6. That the destruetive action of heat was con- 
siderable is furthermore shown by comparison of the growth of 
these animals with those of Ration 307, Chart 7, where the un- 
heated butter fat was fed at a level of only 5 per cent of the ra- 
tion. The heated butter fat fed at a 12 per cent level was far less 
efficient than the unheated fat fed at a level of 5 per cent. 

‘This comparison is made in full realization of the faet that the energy 


content of Ration 506 with its larger fat content is greater than that of 
tation 3O7. Assuming that the relative consumptions of the ration would 


be proportional to the energy requirements of the animals, the vitamine 
intake on the ration containing 5 per cent of butter fat would be greater 
than that indieated when expressed on the percentage of weight basis. 
It would be much more logical to express it on che ealorie basis. This ts 
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In the course of many experiments designed to demonstrate 
the vitamine content of butters we have been impressed with varia- 
tions in the amount of vitamine present. These variations are 
not the result of heat treatment as in some cases the exposure to 
heat in the preparation of the fat was reduced to the muanimun 
necessary to secure a clear sample. We surmised that possibly 
the rations on which the butter fat had been produced might be 
responsible. On these general premises lard could be said to owe 
its deficrencies in vitamine to the poverty of the grains in this 
dietary essential. Sinularly beef fat would owe its correspond- 
ingly greater vitsunine content to the greater vitamine content 
of the roughages such as clover and alfalfa so extensively ted for 
beef and milk production. As vet experiments in this direction 
have not progressed sufficiently to warrant generalization. One 
fuct, however, is clear. Vitamine content of the ration on which 
butter fat is produced is not the only factor to be considered. 
One sample of butter fat obtained from a cow fed exelusively on 
alfalfa hay was found to contain no demonstrable amounts of 
vitamine. This butter had been kept in an unsalted condition 
ina poorly iced retrigerator for about 3 weeks. In this time some 
molds had developed on its surface which necessitated discarding 
part of the material. 

Much emphasis has been placed on the superior value of butter 
fat as compared with other fats used in the humiin diet, due to the 
larger content of fat-soluble vitamuine in the former. The experi- 
ments briefly discussed in this paper indicate some of the condi- 
tions which may modifv and even climinate all reasons for this 
distinetion. Lard, vegetable tats, and beef fats on the average, 
is has been shown repeatedly, do not compare favorably with 
butter fat. The liquid portion of beef fat as first found by Os- 
borne and MendebP and later by Halliburton and Drummond® 


In harmony with Osborne and Mendel’s statements Chem., 191s, 
XXXIV, O22) that in order that comparisons of effects of different rations 
mav be warranted the amount of the rations consumed must be controlled. 
Palatability and bulkiness as well as available ealorie content are factors 
which are important in determining the total amount of a ration consumed. 
Allowances made for variations in the amounts of the rations consumed in 
the experiments reported in this paper would not affeet the validity of any 
of the econelusions drawn. 

Osborne and Mendel, J. Brol. Chem... 1915. xx. 37%. 

6 Halliburton, W. D.. and Drummond, J. C.. J. Physiol. 255. 
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and also the fats of certain animal organs’ are richer in the fat- 
soluble vitamine and in some instances, as shown in Charts 14 
and 15, may compare very favorably with butter fat. In gen- 
eral, however, oleomargarines on account of the large amounts 
of the vitamine-poor fats used in their manufacture and in spite 
of the tact that they are churned with milk and contain some 
butter fat are not to be considered in the same elass as good 
butter in providing the organism with the fat-soluble vitamune. 
Questions of influence of feed, storage conditions, and tempera- 
tures used in the renovation of inferior products and even the 
method of use of the product in the home must be taken into con- 
sideration when depending upon butter fat as a sole source of fat- 
soluble vitamine in the dietary. With an abundance of a con- 
siderable amount of the vegetative parts of plants in the diet the 
superior value of butter fat over other fats in the human dict is 
questionable. In the rat we have found as small an amount as 5 
per cent of alfalfa in the ration providing sufficient fat-soluble 
vitamine for normal growth, reproduction, and the rearing of 
some young. In the absence of such materials in the diet the 
superior value of butter fat and in fact its necessity therein for 
normal nutrition is not to be denied. Then it becomes an im- 
portant matter to know how this superior quality of butter fat 
ean be obtained and preserved. 

Charts of growth curves of rats used in these preliminary ex- 
pernments follow. 


‘Osborne and Mendel, J. Biol. Chem.. 1918. xxxiv. 17. 
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i CHART 1 
F The bacal ration without additional fat-soluble vitamine results 
s in rapid failure of growth in young rate. 
3 18 week 
1 3.7 + =|Died 
73,35 — 
: CHarr il. Ration 92. In this lot and in all the sueceeding lots voung 
E actively growing rats of from 40 to 70 gm. weight were selected. In the 
i ritions fed the casein was a commercial article purified by washing re- 
peatedly with dilute acetic acid. The wheat embryo was ether extracted. 
The salt mixture was of the same composition as that referred to ins 
previous publication Biol. Chem., LOIS, xxxv, 61). As therein stated 
: the salt mixture is more complex than necessary. lor example, we have . 
had excellent growth, reproduction, and rearing of young on rations free 
P from sulfates. As in these experiments we were not concerned with the q 
i inorganic relations of the diet bevond covering the requirements of the } 
animals, its use was continued. ‘The dextrin was prepared by heating q 
cornstarch with a dilute eitric acid solution for 3 hours at 
a 
| 
4 CHART 2 i 
3 After 5S weeks of inhibited growth the addition of butter fat to the ; 
basal ration causes resumption of normal crowth. 
St 
Gms TICN RATION 
Cageir. 18 4 parte degtrinjir phtion B9A 
200 r 2 distlaced by Buttet fat — 


Wheat embryo] 3 
Sajte 1 3.7 

A A J eeks q 
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CHART 3 
Butter fat ehaken with water at 40 - 60° for 12 noure is less efficient 
than untreated Butter fat. 


Gma@ RFATIDN 91 RATIDN 916 
i le 4 parte pf demtrin in tion SlA 
160 2 dieplaceh by theater butker 
t emryo = 
3.7 
} 
} a 
| 


Carrs. Ration 91B. The butter fat fed in this lot was shaken vio- 
lently ina large glass-stoppered bottle with about a liter of warm distilled 
water. Whenever the temperature fell so that butter fat tended to solidify, 
the bottle with contents was emersed ina pail of hot water until the tem- 
perature had risen to about 60°. Here the temperature was not carefully 
controlled as its importance in the destruction of the fat-soluble vita- 
tine hud not been reeognized. Comparison with Chart 2 clearly indicates 
a decreased efficiency of the treated butter fat im supplying the required 
amounts of the fat-soluble 


CHART 4 
Butter fet shaken with carbonated water at 40 - €0° for 12 nours 16 alfo 
lece efficient than untreated butter fat. 
RATION RATION 90] 
Cagein. 18 4 parte of degtninjin 90A 
160 Gieplace@d by the treate@ butter fat, 
Sajts 1 
BO 
| 
a ; A A 
4 
4. tation With the air in the bottle displaced by ecar- 
« bon dioxide the shaking process at 40-600 as carried out in the previous ex- 
} | periment (Chart 3) was apparently just as destructive. We had been in- 
3 | elined to consider the destruetion of the fat-soluble vitamine as an oxida- 
Bi tive reaetion, but this did not justify that opinion. 
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CHART 5 
EFutte: fat aerated at 100° for l2 hours ie worthless ae a source 
of fatesoluble viternine. 


Cm RATION RATION 
Cagein 1 4 partejof dpxtrih in Ratioh 94A 


& 
12 r 2 Gdipplecpd by!the freatbd bubter fat. 
at e@irye] | 4 
Salter 1 3.7 weeks 
trin 72.3 B 


A 


CHartr oS. Ration 94B. The butter fat used in this ration was nerated 
by drawing through it a current of air washed with dilute acid and alkali 
and then filtered through cotton, 


CHART 6 
Exposure to heat at 100° for 4 houre results in the destruction 
of the fautesoluble vitamine. 


Gms. 
18 
140 2 
3 
3.7 
61.3 
80 
1227 
1224 1225 206 peeks 
Gme.| RATIDN 
Same as Ration 304 
1208 1209 Fi2ip 211 weeke 
} 
Gmee| RATIDN 30% 
Same ae Ration 306 


Carr 6. Rations 306, 302, and 303. In this series of experiments the 
rats were not fasted for fat-soluble vitamine before being placed on the 
butter fat rations. We previously were of the opinion that the prelimi- 
nary period of fasting might make the rats more responsive to the change 
in ration, but this was not found to be the case. The heated butter fats 
here emploved were heated in pint mason jars at 100° in a Freas oven. 
With no exeessive amount of the fat-soluble vitamine present in Ration 
306 which served as a control the destructive action of heat was very 
apparent. How much the period of exposure might have been abbreviated 
or the temperature lowered and vet give the same results we have not vet 
determined. The experimental animals on Rations 302 and 305 at the end 
of the S weeks period were in a miserable condition, nearly all having been 
blinded by a purulent conjunetivitis. 
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CHART 7 


5% of the unheated butter fat furnis 


ae compared with 12% of the heated butter fat (Chart 6). 


68 considerable fat-soluble vitamine 


Za 


1229 


CHART 7. 


CHART 8 


Oleo-margarines abs usually made are poor in tneir fat-eoluble vitamine 


content. 


Gme. 


N+ eexs 

+ 


CHART 


CHART 9 
Nutemargarines are also poor in their fatesoluble vitamine content. 
RATIDN 236 
Caspin 18 
12 A 2 
Wheat embryo | 3 4 
Salfe 1 4.5 week, 
5 
Dextrin 67.5 + 
CHarr 9, 
CHART 10 


Coconut ofl ase a constituent of nutemargarines furnishes little if any of 


the fateecluble vitarmine. 
RATION 12 
CasPpin 18 
120 2 
Wheat empryo 3 
Salts 1 4.5 en) 
SOL Cocdrus Bil 2 
he \ P week 
40) 49 49) B49 49 


10. 


B80) Butter | 
| 
| RATEON 1p3 
Capein 18 
1204 Agar 2 
Salts 4.5 | 
80 OlBomarkarine 5 
pe 67, | 
| 
& 
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¥ 
F 
CHART 11 
Lard ie deficient in fat-soluble vitamine. 4 
t 
RATION 104 
CasPin 18 
120 ar 
Wheat embryo 3 4 
Saltese 4.5 weeks! 
B0lL_ Neutral bil (lard)! 5 
Dex}rin 6 
40] 426 423 + 
CHART 12 
Beef fat {oleo oil) may be low in ite fat-soluble vitanine content. 
GmeHRATIQN 104 
Casgin 18 
120 ay 2 i 
eat emyryo 3 
Sal¢e 1 445 week 
—— + 
4° 16 41 4 } 
CHakT 12. 
CHAPT 13 
Oleo oils as furnished for the margarine trade vary in their fat- 4 
soluble vitamine content (Charts 12 and 14). 4 
18 
ryo 
peeks) 
CHART I3. 
CHART 14 
Some oleo oils used in margarine manufacture contain considerable 
amounte of the fatesoluble vitamine. 
Gms. TIQN 194 
Caedin 18 
240 < 
Wheqt entiryo 3 
Salte 445 
2ool_LQled /(1918) 5 
Dex rin 67 45 
160 / 
120 L 
7 a 
eek 
‘0 784 745 78 787 
CHart V4. 
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CHART 15 
The growth performance on some butter fate in an otherwise satisfactory 
ration may not be any better than on some oleos (Cnart 14). 


Gme,iRATION 10% 

Cas@in 18 
160i. Agar 2 

Wheat em¥ryo 3 

120 utter 5 re 

80 

weeks! 


C Harr Ration 107. We have had numerous instances where 5 per 
eent of butter fat used as the sole source of fat-soluble vitamine in an other- 
wise fat-poor ration has not furnished sufficient amounts of this vitamine 
for normal growth. As used in our experimental work butter obtained 
from the University creamery is melted ina steam oven at about 95° and 
kept at this temperature for 15 to 45 minutes, when the butter fat is de- 
canted on a folded filter and filtered rapidly. Filtration is facilitated by 
keeping the butter fat warm at about 50° by means of a water-jacketed 
funnel. 


CHAFT 16 
Other factors besides an exceesively nigh temperature mey be reeponsibdle 
for a low content of the fat-soluble vitamine in butter fat. 


GmaRATION 286 
Cae@in 18 
120 2 
Whegt embryo 3 
Salte 1 4 
» eek 
40 1152 1153 15 15 
16. tation The butter used in this ration as the source of 


butter fat had been kept unsalted under poor storage conditions. It was 
obtained from a cow fed exclusively on alfalfa, and therefore a high fat- 
soluble vitamine content was surmised. As demonstrated by the poor 
growth performance of the rats, sueh did not prove to be the case. Other 
eonditions aside from an excessively high temperature may be respon- 
sible for a low content of the fat-soluble vitamine in butter fat. 


THE REFRACTIVE INDEX OF THE BLOOD SERUM OF 
THE ALBINO RAT AT DIFFERENT AGES. 
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In connection with the work on the metabolic activity of the 
central nervous system it was thought desirable to determine at 
the same time the chemical composition of the blood. With hope 
that the main changes under experimental conditions might be 
quickly revealed, preliminary examination of the blood serum 
was made by means of the refractometer. A considerable dif- 
ference was observed in the value of the refractive index given by 
the younger and older albino rats. Further study not only con- 
firmed my preliminary observations, but it was found that the 
changes in the refractive index of blood serum due to age are quite 
large, and at the same time the course of change is remarkably 
regular. The data on this refractivity of the serum show several 
points of biological interest and suggest the need of further exten- 
sive studies along this line. 


Materials and Technique. ,. 


The Pulfrich refractometer’ was used for the present investi- 
gation and the tests were made with sodium light. The tempera- 
ture was so regulated that the serum in the receiving chamber ts 
within 20-23°C. If the temperature was either higher or lower 
than this, a correction was made for the reading of the seales. 
After careful tests it was found that the variations of the refractive 
index of the serum, if examined within these limits of the temper- 
ature, are practically insignificant and therefore no correction Is 
necessary, at least for the present purpose. 

' A concise theoretical account with many helpful suggestions on the 


use of the Pulfrich refractometer is given by Findlay (1914). 
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Albino rats were mainly used, but in a few instances hybrids of 
the albino and also Norway rats were employed. The rats were 
kept on the ordinary laboratory diet and the blood was taken be- 
fore feeding; that is, the rats were fed twenty-four hours previous 
to the withdrawal of the blood. Only in the cases of the vounger 
rats, Which were still nursed by the mother, were the animals 
tuken at any convenient time.  Inseveral instances these suckling 
rats were tsolated from the mother for variable periods (10 to 16 
hours) to bring them into a condition somewhat similar to that of 
the grown rats. As will be seen from the table, there is no ma- 
terial difference in the amount of refraction whether the voung 
rats were isolated from the mother for several hours or taken 
while their stomachs were still filled with milk. A shght amount 
of fat globules or a slight hemolysis does not apparently modify 
the refractive index of the serum to any significant extent. 

The blood was obtained in the following manner. The rats were 
lightly anesthetized with ether and the thoracic cavity was 
quickly opened and the blood at once taken from the heart. In 
the ease of the small rats, however, the blood was taken by 
severing the carotid artery. In order to avoid any admixture of 
the body fluids no pressure was applied, but only spontaneously 
dropping blood was received. The bottle was then closed to 
avoid evaporation and left at room temperature until the serum 
had separated. Then, by means of a pipette, the serum was 
transferred to a small test-tube and the blood corpuscles were 
completely separated by menus of the centrifuge. The serum thus 
obtained is now ready tor a determination of the refractive 
index. The amotnt of serum necessary for a determination is 
rtbout 0.5 ce. or even less. The excess of the serum obtained 
was dried at a temperature of 95°C. for 1 week and the water 
content was determined. In some instances a small amount of 
toluene was used to prevent any evaporation during the deter- 
mination of the refractive index. 


Refractive Index of Blood Serum at Different Ages. 


Altogether 35 groups consisting of 213 normal albino rats of 
various ages were used for the present investigation. This large 


number was required owing to the small vield of blood serum in 
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the case of the younger rats. As only a drop or two was to be 
obtained from new born rats and even in rats | week old, in 
which the body weighs nearly LO gm. or more, the desired amount 
of the serum is obtained by using five to seven rats at onee. This 
disadvantage represented by the necessity of taking large mum- 
hers of rats is however fully compensated by the tact that we ean 
thus eliminate individual variations to a considerable extent. 
The main results obtained from this investigation are shown in 
Table T. 

In Table Il a value of the refractive index of the serum N,, 
is also given, from which the value of the refractive index of dis- 
tilled water at 17.5°C. (N, = 1.33320) was subtracted and the 
resulting value multiplied by 1,000. This value thus obtained 
is usually written AN, & 10° to which IT have given the term 
index.” This micro-retractive index is con- 
venlent for comparison, and in fact some authors give this index 
alone. I have subtracted the constant value of 1.33320 instead 
of subtracting the value of water at the time of examination, 


for if a constant value was always used, fhe restoration to the 


original value of the refractive index can be made at once. It, 
on the other hand, the water value at the time of the experiment 
was subtracted, such restoration is impossible unless the refrac- 
tive index of the water was also given in each instance. In sev- 
eral papers this muicro-refractive index is given without stating 
the data on the water, the refractive index of water at the time 
of examination having been subtracted. As long as the tem- 
perature at the tune of the determination ot the refractive index 
of the serum was within the limit of 20-23°C. or even lower, the 
-tandard value mav be used without correction for the tem- 
perature, since the error produced from this source ts negligibly 
small for work of this nature. For convenience in studying the 
changes in the refractive index of the serum at different ages. 
the data of Table [ are plotted in Chart. 1. 

As will be seen from Chart 1, the value for the refractive index 
of the serum rises very rapidly up to about 9O days and then 
becomes slow, though rising continuously. We note also some 
irregularities in the distribution of the refractive index at the 
age Of about 20 davs and again at about 85 davs of age. These 
irregularities in the distribution, as well as sudden change in os 
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TABLE I, 


Refractive Index of Blood Serum Together with Percentage of Water in the 


Serum of the 


Albino Rat at Different Ages. 35 Groups. 


ae | Blood serum. | 
| & | Water. | N,, AN,, | 
gm mm, | days 
5.1 Mixed. born. 895.90 4. 10.1.34136 8.16 Clear. 
7.0 Hs | 3 15.95.88 4. 13.1.34132 8.12 Very cloudy. 
S.4 21.95.76 4.241.34261 9.41 Removed from 
| | | | mother, clear, 
10.4 7 15.95.77 4.28.1.34266 9.46 Cloudy. 
13.8 10) 20.95.30 4.70 1.34340 10.20 Removed from 
ae | | | mother, clear. 
166 | 394.71)5. 29 1.34454/11.34) Cloudy. 
Ing 94.195. 81 1.34509 11.89 
23.9 17 9.94.01. 5.99. 1.34575 12.55 ‘ 
26.9 IS 6 93.826.18 1.34632 13.12 
28.3 93 19 10.93. 89.6.11 1.34579 12.59 
29.8 OS Mixed. 21 4) — | — |1.34577/12.57, 
37.01 1055“ 23 | 12.29, 
35.9 108 260 9.93.92.6.08 1.34596 12.76 Clear. 
9 30 293.926. 08 1.34568 12.48 
52.7 129) Mixed. 37 494.025.98 1.34581 12.61 
2.93.95 6.05 1.34619 12.99. 
82.1) 149) 44 1. 34649 13.29 
78.9. 148) Mixed. 50 |: 3193. 27/6. 73/1. 34732/14. 12, 
* 52 ? 1.34727 14.07 
78.91 151, | 60 |1) —| — |1.34794114.74 
04.9 158 Mixed. 66) 6 92.74.7.261.34831 15.11 
109.4 164 69 492.717.291.3483615.16 
Mixed. 72 3) 34868 15.48 
74 2) 1 .34863)15.43 * 
134.7 | 176) 692.27 7.73 1.34873 15.53 
138.0) 181 85 |: § 92. 
134.6 179 92. | 16.39 
100 || 3} — | — |1.34958/16.38) 
176.5 192 6 16.45 
196.8) 201) | 161 291. 75/8. 25)1.35006/16. 86 
-|Mixed.| 174 |3 | |1.35087)17.17; 
166.4) 205, 450 | 2.91. 22/8.78/1.35115/17.95) 
250.0 222 Mixed. 597 2) — | — |1.35175/18.55) 
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general course of the graph, coincide very well with the following 
three important periods of the life eyvele of albino rats; (1) the 
suckling period or about the first 23 days, (2) from the end of the 
suckling period to puberty or about 85 days old, and (3) from 
puberty to the end of the record. A discussion of these periods 
follows. 

1. The Suckling Period.—The refractive index at birth is 
1.54136, shghtly higher than at 8 days, which gives a value of 
1.34132. This higher refractive index is interesting since the 
new born rat previous to suckling possesses blood, the composi- 
tion of which is largely regulated by the placenta and which 
differs also from that of the maternal blood. 

Abderhalden and Weil (1912) found in the serum of the ox and 
ot the fetal calf that the former polarizes the light more strongly 
than the latter. In the human subject these two authors also 
found that the blood serum taken from the umbilical cord polar- 
izes the light noticeably less than the serum of the mother. The 
nitrogen content of the serum of the fetus is far less than that 
of the mother. Abderialden and Weil give the following data. 


ee. OX serum contained 0 O144 gm. N. Polarization—O.8S5 
fetal calf serum contained ....0,0059 —O 


All these facts indicate that the blood serum: at or before birth 
differs from the blood serum: of later life. 

Reiss (1909) determined the refractive index of the human 
serum at different ages, together with the protein content of the 
serum. Reiss found also that the refractive index of the new- 
born is much higher before suckling than after; 7.e., the index for 
the serum of the new-born before suckling is. 1.34746, while at 
the indices are 1.34668 and 1.54648 respectively. 
Thus my own observation on the rat agrees with those of the 
human infant in regard to the higher value of the refractive index 


of the serum befére suckling. 

Following this initial fall in the value of the refractive index 
there is a rapid rise atter suckling until the rat is IS davs old 
(N, = 1.34632), and then falls again until the 23rd day (N, = 
1.34549). As will be seen from the chart, the index values are 
very regular up to about IS davs, then thev become irregular 
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till about 380 days of age, after which they are again regular. 
From numerous observations the suckling period of the rat ts 
considered to be approximately,21 days, although there must be 
some variation in the age at which the rat begins to take some 
solid food and becomes independent of the milk diet. [t was found 
however that the serum is usually more or less cloudy, owing to the 
admixture of milk fat, up to 1S days and this cloudiness diminishes 
daily until about the age of 25 days, and after this the serum Is 
usually perfectly clear if the blood is not examined immediately 
after feeding. This fact indicates that the young rats are not 
taking any large quantity of milk after 28 days of age, but prob- 
ably solid food mainly, even when they are still with the mother. 
We may infer also from the relative degree of cloudiness of the 
serum that the young rats begin to take some solid food at about 
17 or I8 days. The period at which the voung rats begin to 
take solid food, or to take such food exclusively, must largely 
depend on the relative degree of maturity of the individuals. — [1 
was found that the refractive index of the serum differs quite 
considerably whether the mother had a large number in the litter 
or a few (see page 544). The irregularity shown in the period be- 
tween 18 and 380 davs may therefore be due to different degrees 
of growth among young rats, and also to the adjustment of the 
rat to change of dict. 

The mother has sometimes been separated from the suckling 
rats for 10 to 16 hours in order to obtain a completely clear 
serum. A comparison of such clear serum: with that more or 
less clouded, shows no appreciable difference in the value of the 
refractive index. This seems to indicate that the presence of fat 
globules does not significantly alter the refractive index. 

Tam unable to explain how the presence of a small amount of 
solid food in the digestive tract at the end of the suckling period, 
or soon after suckling has ceased, alters the refractive index of 
serum, but this alteration seems to involve not only therelative 
amount of the serum proteins, but also the percentage of water 
in the serum. | 

Table IIT shows that the water content of the entire blood at 
birth is 88.0 per cent, but it rises to 86.8 per cent at 15 days, 
after which it falls off, at first rapidly and then slowly (79.3 per 
cent at 1 vear old). In this respeet the changes in the entire 


e 


+ 
2 
s 
4 
: 
; 
| 


534 Refractive Index of Blood Serum 


blood agree with the variations shown by the specific gravity of 
the entire blood and indicate that the presence of the blood cor- 
puscles is in part responsible fox this change in the percentage 
of water. 

We also notice from Chart 2 that the percentage of water falls 
rapidly up to 21 days with the exception of the first 7 davs, during 
which period the diminution of water is somewhat slower. This 
slower rate in the diminution of water during the first 7 days coin- 
cides with the adjustment period of the rat from the placental 
stage to thefirst experiences in the postnatal life. The refractive 
index of the serum reaches the first maxunum height at theend of 
about 1S days, while the percentage of water reaches a minimum 
at 2idavs,and, furthermore, the percentage of water falls without 
Interruption up to this age (21 days). This slight discrepaneyv in 
the percentage of water on the one hand and the refractive index 
on the other may be due to the presence of fat globules in the 
serum which would influence the percentage of water while having 
Jittle influence on the values of the refractive index. 

The actual determination of the water content of the serum at 
this critical period shows changes which run parallel to those in its 
refractivity (for a more detailed discussion see page 538). In 
general we may conclude that with the change from mother’s milk 
to a solid food some alteration takes place in the composition of 
the serum and complete adjustment to this change is reached only 
several days after the rats become entirely independent of the 
mother. It is worthy of note that during the rather considerable 
period of alteration in the refractive index of the serum the 
growth of the body as a whole does not show any corresponding 
alteration, but growth in weight, as well as in length, continues 
steadily (Donaldson, 1915). 

?. From End of Suckling Period to Puberty.—Soon atter the ad- 
justment to the changes in diet, the refractive index of the serum 
rises rapidly, though its rate is not as great as during the first IS 
days of life, and it continues to rise until about the age of 85 
days. Between 70 and 85 days the refactive index again be- 
comes irregular. This second irregularity can hardly be a mere 
statistical result since the number of cases exrmined was large, 
and furthermore an extreme regularity in the distribution of the 
index is shown unmediately before and after this period. These 
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results suggest that this is another eritical period at which some 
important changes in the composition of the serum are taking 
place. We have abundant data to show that this is about the 
period of beginning sexual activity and the rats may begin to 
breed at this period ora little later. For this reason I am inclined 
to believe that this irregularitv in the refractive index of the 
serum is somehow related to the beginnings of sexunl life. As 
will be seen from Chart 1 this condition at SS days is transitional 
to the last phase in the span of life. 

3. From Puberty through the Remainder of Lifeo—As is shown 
in Chart 1, after the rat has reached about 90 days, the sub- 
sequent alteration in the value of the refractive index is small, 
though it continues to rise throughout the rest of life so far as 
plotted. It must be stated however that after 200 days the re- 
fractive indices given by individual rats become highly irregu- 
lnr owing to the onset of lung infection, and the irregularity in- 
creases With advancing age owing to the presence of various 
metabolic or organic troubles. The data in Chart Ll were taken 
from the rats which were entirely free from pathological altera- 
tion so far as could be determined. It is very difficult) to find 
perfectly sound rats at the age of 200 davs or more, but. when 
such rats are examined, the refractive index of their serum: Is 
astonishingly uniform. 


Refractive Index of Human Serum Compared with That of the 
Albino Rat. 


So far | have presented the observations on the changes in the 
refractive index of blood serum made exclusively on the albino 
rat. There are however some tsolated records on the refractive 
index of human serum, but unfortunately most of these data were 
taken from hospital subjects and eannot be used except for 
special purposes. To the best of my knowledge there are only 
two papers which deal with the refractive index obtained from the 
normal human serum. One contains the observations made by 
Reiss (1909), who determined the refractive index of the serum 
taken mostly from younger children, and the second paper is that 
of Gettler and Baker (1916) who made an elaborate analysis, 
chemical and physical, of the normal human serum of thirty adult 
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536 Refractive Index of Blood Serum 
individuals. The combination of these two studies eovers the 
most unportant part of the life span of man (from birth to 55 
vears) and affords an opportunity for comparison of my own data 
on the rat with those for man. Table IT is based on the obser- 
vations of Reiss and of Gettler and Baker. 

TABLE IL. 


Retr five Ind: r of Van at Varfous Ages. Data fram Reiss 1908 and 
Grettler and Baker (1916) 2 


= 2 
lt, yr 
1) days. 1.34746) Betore suckling. 9} 1. 3497S 
1. 34668 11 1. 84964 
1] 1.34648 Breast feeding. 12 1. 85046 
13 1.34557 13 1. 34992 
19 1.34693 | 14 1.35030 
42 1.34580 “ IS 1.35071 | 
2 mos 1. 34654 | lé lo.4 1.54960 1 
4 1. 34740 144.57 20 17.8 1.35100 | 1 
43 1.34627 | (169, 21: (17.05, 1.35025 | 4 
5 1.34722 22 117.3 | 1.35050 2 
1.34762 162) 23 117.6 | 1.35080 | 2 
1. 34976 25 117.5 | 1.35070 | 1 
1.34733 1139) 9) 26 115.8 | 1.34900 | 1 
12 1. 34920 28 | 1.35040 | 2 
14 1 34895 38 118.1 | 1.35130 | 1 
29 1.35110 220! 39 118.4 | 1.35160 | 1 
34966 45 16.6 | 1.34980 1 
3 1. 35060 145'9/ 45 116.3 | 1.34950 | 1 
4 1. 34907 1242; 48 118.8 1.35200 | 1 
5 1.54920 50 116.2 1.34940 | 1 
1 35001 55 117.0 | 1.35020 | 1 
1. 54909 
34987 
1 349086 


* Several cases in which the serum gives a positive Wassermann reaction 
as well as some doubtful by this test were excluded. Gettler and Baker 
vive the micro-refractive index AN, X 106° but [T have changed their values 
to the value of Ny by adding 1.35320. Any changes arising from this 
correction should be very slight and thus should not affect the econelusions 


drawn from them. 


4 
| 
| 
| 
ra 4 


S. Hatai 


As we should anticipate the data on mean are highly variable 
when compared with those for the rat, owing to numerous but 


anavoidable technienl difficulties connected with the study of 


human material. However, we obtain three important facets con- 
cerming the refractive index of human serum which are clearly 
marked. (f) \Necording to the table by Reiss, the index is higher 
at birth (before suckling) than after suckling: that is, the index 
of the serum falls off rapidly for the first 2 weeks, and afterwards 
it rises again. The index at 13 days after birth is 1.34746. and 
13 davs after, it sinks to 1.54557. 62) After this initial fall of the 
index it rapidly rises until the 6th or 7th month. rom this 
period on it gradually and slowly rises up to 55 vears (upper 
limit of observations on the male subjects. 63) The adult mate 
tends to give a higher refractive index than the female (see 
Table Il). No similar observations on sex are avathible betore 
the age of 25 vears. 

These facts agree essentially with those found tor the serum 
of the albino rat, in which the refractive index of the serum at 
is slightly higher than some days after suekling. Following 
this initial fall, the index rises rapidly to the end of the suckling 
period. After adjustment to change of food, the index contimues 
to rise rapidly to the completion of sexual maturity. From the 
completion of sexual maturity the refractive index continues to 
rise but slowly throughout the remainder of the life span. so far 
as examined, 

[t is interesting to note that the value of the refractive index 
eiven by human adults is approximately the same as that given by 
adult albino rats, as the following relation shows. After 90 days 
the inerease in the refractive index becomes very slow. 


hat Nin Np Mian. 
urs. 
1.34000 1 S907] IS 


The very high refractive index of man at birth, compared with 
that forthe rat at birth and before puberty, is diffeult to under- 


stand at this moment. 

Reeently Wells (1918) studied the relative proportions of the 
serum proteins in rabbits st different ages, together with the influ- 
enee of diet on these proportions. Wells found that the serum 
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protein in the rabbits increases with age from 21 days to 149 
days, but that fully adult animals have a slightly lower content 
of proteins in their serum than animals which are between 100 
and 150 days old. This decline in the serum protein after the ani- 
mal has reached the full adult stage is rather unexpected to the 
present writer, since the work of Reiss (1909) and of Gettler and 
Baker (1916) combined shows an unmistakable increase of the 
proteins with increasing age. My own data on the rat also indi- 
cate indirectly a continuous increase of the total proteins with in- 
creasing age, as can be inferred from the continuous increase of 
the refractive index. Since the amount of serum proteins seems 
to vary with the state of the animal's health, one may perhaps 
question whether or not the fully adult rabbits used by Wells 
were entirely normal. 


PERCENTAGE OF WATER | 
| 
| | 
> ——--¢ | | 
; 
| — + ~ ~+- - 
| AGE DAYS 


Cnartr 2. Showing the percentage of water in the serum of the albino 


rat at different ages. 


Water Content of Serum. 


The percentage of water in the serum varies according to the 
age of the eats in nearly the same manner as the refractive index, 
but inversely. Therefore we may similarly divide the entire graph 
for the water content into three phases. The total number of rats 
used for the water determination of the serum was 190, and the 

ralues given by respective ages are shown in Table I. A graph 
of the percentage of water in the serum based on the data given in 
Table I is shown in Chart 2. 
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3 We notice that the content of water in the serum diminishes 
with the increasing age of the rat. In this respect the serum 
behaves like the other tissues or organs. This datum is however 
to be carefully distinguished from the water content of the entire 
blood. T have made a short series of observations on the per- : 
centage of water in the entire blood of the albino rat and found 
the relations given in Table IIT. 

2. From End of Suckling Period to Puberty.—-This rapid fall in | 
the water content is followed by a nearly stationary period for 
almost the next 20 davs, which coincides with the period of re- 
adjustment to the change in the diet, and in turn is followed by a 
rapid fall in the water content up to about 85 days, which marks 
the completion of sexual maturity. 


TABLE IIL. 
Percentage of Water in Entire Blood of the Albino Rat at Different Ages. 


Body weight Body length. Age Sex, a of No. of rats 
mime. days 

New born. Mixed. 

15 SHS 

1 81.9 

102 10S $9.9 


Ce 
ty 


to to te 


3. From Puberty through Remainder of Life.— After 85 days of 
age we notice only a very slight fall in the percentage of water 
during the rest of the life span, so far as examined. Thus there 
appears a very close connection in the changes in the percentage 
of water and the changes in the refraetive index of the blood 
serum. 

Data on the water content of the serum may be contained in the 
medical literature, but, so far as LT am aware, no systematic in- 
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vestigation has been made on any one species of animal in which 
the ages have also been recorded. Hoek and Schlesinger (1892) 
give a short report on the specific gravity of human serum, from 
which we take the following records. 


Specific gravity 
Child, 2 vrs. 1.0300 
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Reiss (1909) also states that the blood serum of the nursing 
baby is poorer in solids and richer in water than in the adult, but 
gives no data. 

These observations on the human serum are in harmony with 
changes in the percentage of water in the albino rat, and we may 
eonclude therefore that the water content of mammalian serum 
diminishes with increasing age. 


Percentage of Solids in the Serum in Relation to Refractive Index. 


Inasmuch as the variations in the percentage of water of the 
serum are linked with the variations in the refractive index of the 


 IPERCENTAGE OF SOLIDS | | | 
| “a | | 
| 
| 
| 
| 
| 
+ | | | | 
| REFRACTIVE INDEX 
| | | | BLOOD SERUM 
34) (1.34; 1343 «1344 14 134/ 134 34 >) 1352 


CHART 3. Showing the variations in the percentage of solids accom- 
panving the increasing values of the refractive index of serum. 


rats at corresponding ages, we may anticipate that the relation 
between the refractive index and the percentage of solids may also 
be regular and constant. To show this relation clearly the data 
of Table Tare plotted in Chart 3. 
From Chart 3 it is seen that the relation between the per- 
eentage Of solids and of the refractive index is regular for the 
most part, and is almost linear. We do find however some dis- 
ecordant relations during the first 7 days of life: that is, the in- 
erease in the percentage of solids during this early period is dis- 
proportionately small. This may mean that at this early period 
though the proteins of the serum are increasing rapidly, as can 
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be seen from the rapid increase in the refractive index (Chart 1, 
vet some substances, such as fat globules, lactose, ete., are pres- 
ent in but slight amount, thus producing a smaller value for the 
solids. For the explanation of this phenomenon we must however 
await further study. After this period the relation between the 
percentage of solids and the refractive index is practically linear. 
The shight trregularities shown in the percentage of solids at the 
region where N,, = 1.54600 are probably due to the presence of 
fat globules in the serum of suckling rats. | 


Refractive Index of Blood Serum in the Two Sexes. 


In studying the general growth of the blood serum: in respect 
to the refractive index, I did not at first make any attempt to 
separate the two sexes but mixed their bloods for this determina- 
tion. “Phis tailure to separate the sexes was due in part to the 
fact that our preliminary test gave us an insignificant amount of 
difference between the two sexes and partly also because of the 
difficulty in obtaining enough blood serum, unless a considerable 
number of animals was used at one time. However, when the 
data were all accumulated and compared, it became very evident 
that there exists a distinet sex difference in the refractive index. 
‘To show this sex relation I have seleeted data from the origina! 
records in which the two sexes of the same age were separately 
determined, and the results are shown in Table LV. 

As will be seen from Table IV there is no question that the 
refractive index of the serum differs in the two sexes. However. 
it was an unexpected outcome to find that the refractive index 
is shehtly higher in the female than in the male, previous to the 


attainment of sexual maturitv (S85 days), while on the other 


hand at is deeidedly lower after this stage. From the averages 
we find the following relations. 


Ave rade bie Days. 


No 


Femate | 1.34756 

1.34606 

Male.... 
Average after &85 Days. 

Male... 1. 3503S 

Female 1. 34944 
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Comparison 


Body 
weight 


Length. 


gr. ri 


39.5 109 
38.0) 105, 


65.3 138 


62.6) 129 


131 


326 


79.9) 149 


»2 179 
93.9 172 


TABLE IV. 


Refractive Index of Blood Serum 


of Data for Refractive Index of the Serum in the Two Sezes. 
Albino Rat. 


F 7 Water. 


days per 
15) 5194. 
15 494. 


@ 


394. 


17) 4/94. 


IS 3.93. 


18) 393 


23) 494. 


| 2/93. 


36) 1/93. 
36) 1/93. 


37) 294. 


?| 37) 2193.9: 


66 492.7 


66; 2/92. 


~ 
te 


Blood serum. 


Sol- 
ids 
cent 


Cent 


HO 5.401. 


22 (5.781. 
39 9.001. 
Il 5 S01 


87 6.131. 
76 6.241. 


35 15.65)1. 


34487 
d4504 11. 


12. 


34560 


340382 15 
13, 


84543 1202 


Remarks. 


cloudy. 
16 hrs. after removal trom 
mother. 


hrs. after removal. 
| Cloudy. 


Very cloudy. 


Clear. 


70 6. 30,1.34598 12.78) Cloudy. 
76 24.1.34632.13.12 
34. 6.63 1.34692 13.72 
12 15. 88/1.34555/12.35 
OS 1.346006 12.86 
78 
67 |7.33/1. 34841115. 21 
1.34863 15.43, 
1. 3487215. 52 
56 7.441. 34829 15.09 
06 7.941.3489815.78 
36 |7 6411. 34877115.57) 
1) 
88 75 
4S 7 52.1. 34889 15.69 
8.131. 35010 16.90 
51 7.491. 7S Pregnant. 


34898 15.7 


3 
O48 
27.9 
9 
| 1:92. 
>| FY) 292 
11S.7 | 167 2: 1/92 
160.9. TSS 7) SS BOP 
119.51 8d) 3:92 
119.5 17 
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TABLE (V—Concluded. 


Blood serum. 


Body | 


~ 

& & Water ig N AN,, 

| ‘ 

gm, mm. | faye; ce nt 
27.41 175)! 98 492.01 7.991.34980 16.60 Fasted for 48 hrs. 
111.4) 91) 492.24 |7.76,1.3495616.36 


| | | 
177.7 192 7) 99, 1:92.19 |7.81)1.34941)16. 21, 
119.1) 1742) 99) 192.58 7.421.34863 15.43 


238.7 441 591.67 8.33.1 35014 16.94 Defective dict. 
237.1 | 215) 471) 4.92.37 |7.631.34900/15. 80! 


85245 19.25. 


851051785 


255.7 | 13 


244.3) 997) 1 


Since there is no systematic change in the amount of the dif- 
ference either in increasing or ‘in decreasing according to age, 
shown in the table, we are justified in applying these corrections 
to the mixed data by either adding or subtracting the proper 
proportion of the differences given above from the mixed value 
in order to restore the proper sex values. [To am unable to say 
whether or not a sex difference in the serum exists at birth, or 
for a few days after birth, and we must await further tests for 
the determination of this point. 

Gettler and Baker (1916) have furnished the data on the re- 
fractive index of the normal human serum, which, though highly 
variable, show in the average values a shghtly higher index in the 
male than in the female.’ 


Np 
Average of 7 normal males (37 vrs.)... 1. 35061 


As is shown in Table IV the water content of the serum also 
shows 2 slight but correlated difference according to sex. The 


* Positive Wassermann and doubtful cases were excluded. In the case 
of males the last seven cases were taken in order to make their average 
age as near as possible to those of the females. 
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water content of the male is slightly higher than that of the 
female before sexual maturity, and lower afterwards. From the 
average we find the following relation. 


Average before 85 Days. 


Water. 

per cent 

Male... 93.58 
Female. 93.35 

Ave rage afte r SD Days. 

Female 44 


In connection with the difference according to sex I may eite 
the work of Jones (IS87) on the speeifie gravity of the entire 
blood of man and woman at different ages. It is evident that 
this value for the entire blood is complicated by the presence of 
blood corpuscles, and thus the entire blood cannot be compared 
directly with the serum alone. However the specifie gravity 
determined by Jones shows most clearly a sex difference in this 
character. 

The difference appears clearly at the time of puberty when the 
specific gravity becomes considerably higher in the male than 
in the female, and remains so for several vears beyond 60.) After 
the 69th vear the data given by Jones show a reverse relation in 
the two sexes. 

The specific gravity of the entire blood during the prepubertal 
period is, so far as ean be judged by the data given by Jones, so 
fluctuating that it is diffieult to interpret, though there is a 
strong tendency to a lower specifie gravity in the female than in 
the male. This however may be due entirely to the greater 
relative abundance of the blood corpuscles in the male, so that 
these data do not help us to form any definite Opinion concerning 
the relative amount of water in the serum of the two sexes. 


Influence of Retardation or Acceleration of Growth on the Refractive 
Index of Serum. 


Within a given litter of rats we often find that individuals 
show considerable difference in their power of growth. This dif- 


4 
é 
4 
5 


ference is frequently so great that when the two extremes are 
compared the body weight of the best grown rat is two or even 
three times that of the smallest one. Since we found that the 
refractive index of the blood serum of the normally grown rat 
is a function of age, it was thought interesting to determine the 
indices in the serum of rats of the same age but of unequal size. 
The number of rats examined for this purpose is not large but the 
results obtained are striking. 
TABLE V. 
Refractive Inder of the Serum of Rats of the Same Age but of Unequal Body 
Growth. 


Blood serum. 


Bodv = 
128) Mixed. 28 694.395.611.34504 11.84 Malnutrition. 
42.60 YS) 495.596. 41 1.34628 13.08 Normally grown rats. 


Different litters. 


S4HATO 59 Belongs to a litter of 
IZ rats. 

32 } 3456S 12.48 estimated value of 

forrats $2 days old. 


te 


36.4 LOS 


55.61132 69) 1 1.34684 13.64 
IS? 190 69 | 1.35010 16.90 


Table V shows that the undersized rats possess a serum which 
shows a much smaller refractive index than that of the better 
grown brothers or sisters. This point should be kept in mind 
when the normality of the refractive index of the serum comes 
up for consideration in any ease. 


Influence of Fasting, Defective Diet, and Gonadectomy on the 
Refractive Index of Blood Serum. 


During the course of the investigation I have examined the 
serum of rats under several experimental conditions and I wish 
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to present the results, though the number of observations 1s 
rather limited. 

Fasting. Eight rats in one litter were divided into two groups, 
‘ach consisting of two males and two females. These were de- 
prived of food tor 48 hours and at the end of this period one 
group Was examined for the determination of the refractive index 
of serum, while the other four rats were ted with the norma! 
laboratory diet and the blood was taken 2 hours later. It will 
be seen from Table VI that the fasting serum gives a distinetly 
higher index than that of the fed rats. Thus we may conclude that 
mild fasting tends to increase the refractive index of the serum. 
This high index may be due either to a shght reduction in the 
water content In the serum or to some other alteration in the con- 
stitution of the serum. It ts known that as the result of fasting 
blood shows shghtly increased amounts of solids (von Voit, ISS1), 
an increase of specific gravity (Popel, IS96) and also an inerease 
of blood corpuscles and hemoglobin content (von Limbeck, 1892). 
In this connection it is interesting to note that Robertson (1913) 
found an inerease of the total serum protein in slightly fasted 
rats, and furthermore that mild fasting leads to an inerease in the 
proportion of globulins to albumins in the serum of the rats. 
Since it has been shown by Reiss (1915) and by Robertson (1912) 
that the refractive index of serum globulin is slightly higher than 
that of scrum albumin, and since fasting leads to an inerease of 
the globulins, we may consider that the shghtly higher refractive 
index following fasting might also be due to the increase of 
globulins. Robertson’s rats showed this fasting effect only after 36 
hours, without food. 

Defective Diet.-- For the opportunity to examine the blood 
serum of these rats IT am indebted to Professors Osborne and 
Mendel. These rats were fed on diet adequate in all respects, 
except that the water-soluble vitamine has been added in very 
limited quantities, but sufficient for apparently normal growth and 
development. The rats thus raised, as Table VI shows, are 
practically normal to all appearance, but they are completely 
sterile. The weight of the testes was much diminished and 
spermatozoa were absent. The ovaries were large but a_his- 
tological examination of them has not yet been made. The 
uterus of these rats showed an unusual vellow color indicating 
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the presence of some fatty degeneration or other pathological 


alteration. 


As will be seen from Table VI, the refractive index is mueh 
lower than that of the normal rats of their age. This applies to 


TABLE VI. 


nee at Fast: hie}. fe Diet, and Cronadectom the fee fy acti 


of the Ser 


Blood serum 


Body = 
ids. 

155.0 1S4 85! 4:92.37'7.63)1. 
[55.8 1S6 492.958.0056 1. 
121.0; 1¢2 85; 
125.7; 1735 20°+29 | 98: 4:92. 
113.1 170 vag ON 4902 OOS OO 
221.31 BS 135) 1192.52)7.48:1. 
| Zee 4138: 1:92,27\7. 
225.4: 2Dd ISS) 192.257.7611. 
267.6) 225 524; 1192. 4417. 56)1. 
DAY 413 191.578.4311 
279.5 225 OL. 668.541 
497.1; 239 191.298.7111 
3609.9 519, 191. 798.211 
44) 91.678.33 1] 
wl | 228 (91.98 8.02'1 


N N 
D 


15.6) 
2] 


BASSS 15.05 
15.61 


16.30 
LO 
15.45 
S4915 15.95 
54024 16 04 
15 078 


34900 15 S80 


17 0S 


S494) 16.21 
17 US 


1665 


LO 94 


84905 45 


Remarks 


Control. 


C'astrated. 


Control. 


Spaved. 


iS hrs. fasting then 
? hrs. feeding. 
kasted 48 hrs. 


Raised by Osborne 
and Mendel with 
defeetive diet 

Both mates and = tfe- 


sterive 
Average 
Infected lungs. 


Slightly infected 


lungs. 


Average. 
Total average. 


both the males and females. On the average these rats @ive the 
value of N, = 1.34963 at 455 days, while the normally grown 


albino rat at the same age should give N, = 1.35122. 


We there- 


fore conclude that these rats possessed a serum which is clearly 
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different from that of the normals in respect to the refractive 
index, although their body growth, as well as their general health, 
was normal. 

Gonadectomy.— The blood serum of castrated and spayed rats 
was examined for the refractive index. The testes or ovaries of 
these rats had been removed at the age of 39 days, and the blood 
was examined 55 days after operation, at which time the rats had 
of course completely recovered from the operation, and they were 
growing as well as their brothers and sisters. 

The results show that the refractive index of the serum. of 
eastrated rats was distinctly higher than that of their unecastrated 
brothers. On the other hand the spayed rats give a slightly low 
refractive index when compared with their normal sisters. [am 
unable to account for this difference in reaction according to sex, 
or even to determine whether this difference is really significant. 
Biedl (1913) states the effeet of castration on the blood in the fol- 
lowing terms: “‘Wahrend Pinzant bet Kastration Hiindinnen eine 
Zunahme des Himoglobins und der roten Blutkérperchen ge- 
fundene haben will, sah Lithje keine Verinderungen dieser 
Bestandtheile.” have failed to find so far any other references 
in connection with this question and therefore present the data 
on the rat without further comment. 


Refractive Index of Blood Serum of the Norway rat( Mus norvegicus). 


A careful investigation of the blood serum of the Norway rat 
is highly desirable, but is not easy to make. The chief difficulty 
is to rear the Norway rat without producing a domestication 
effect, while from the trapped rats we cannot get data which are 
Important for the treatment of the refract ve index. A few ob- 
servations on the wild Norway rats have been made and these 
data are presented for comparison with those from the albino 
(Table VID. 

If the usual assumption is made that difference in body length 
generally coincides with a difference in age, we may conclude that 
the refractive index of the serum of the Norway rat also would in- 
erease with age, as in the case of the albino rat. The value of the 
index is however slightly smaller than that given by albino rats 
of the same body length. The Norway rat in which the body 
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length is 205 mm. gives 1.384874 for the refractive index, while the 
albino rat having the same body length, gives 1.34980, or a dit- 
ferenee of as much as 0.00106 in favor of the albino rat. However, 
it is known that for the same body length, the Norway rat is 
probably younger than the albino; therefore if we are able to make 
age correction for the above values, the refractive indices of the 
serum in these two forms might come closer together. 
TABLE VIL. 
Refractive Index of Blood Serum of the Wild Norway Rats of Different Body 
Lengths. 


Blood serum 


Remarks 


Kody length. Sex. No 
Ny AN, 
ere. 
136 | Mixed. | 2! 1.34658 13.38 
| 1 | 1.34726 | 14.06 
| 1.34872 | 15.52 
240 Mixed. | 2/| 1.34985 | 16.65 
245 | oh 1 1.35019 16.99 | Slight hemolysis. 
26 | 1.34985 | 16.65 | 
Average .. .205 | | 1.34874 


General Remarks. 


From the data already presented we notice that the refractive 
index of the serum changes not only with age but according to sex. 
We also have found that the refractive index of the serum taken 
from rats suffering from lung infection, raised on a defective diet. 
fasted for 48 hours, or those the growth of which had been retarded, 
ete., shows considerable deviations from that taken from the 
normal rat. This alteration in the refractive index ts. closely 
related to the water content of the serum, and in general the 
higher the retractive index the lower is the water content of the 
serum. ‘There is also evidence of a change in the relative protein 
eontent of the serum. Therefore changes in the refraetive in- 
dex mean also changes in the relative degree of concentration, 
and it thus follows that the colloidal state of the serum is also 
altered. It is probable that these changes bear directly on the 
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phenomena of agglutination and the precipitin reaction, but these 
relations are still to be tested. Furthermore, it seems to me that 
on account of its extreme simplicity, vet high degree of sensitivity, 
the refractometer test might advantageously be applied to the 
study of other body fluids. 


CONCLUSIONS. 


1. The refractive index of the blood serum changes according 
to the age of the rat, and in general it increases with increasing 
age. The data form a good growth curve. From the eourse of 
the change in the refractive index we may convemently divide 
the entire life span into three periods: (1) Irom birth to the end 
of the suckling period. Before suckling the refractive index of 
the serfim is higher than after suckling. However, soon after 
suckling the refractive index falls and then rises rapidly until 
near the end of the suckling period (18 days). The first partial 
intake of solid food brings the serum index promptly down, and 
the lower values continue till the rat changes entirely from a milk 
to a mixed diet (about 28 days of age). (2) The period of sexual 
maturitv. Soon after the rat has become adjusted to the change 
of diet, the refractive index rises again steadily until towards the 
attainment of sexual maturity (70 days old). Following this 
rise is a period of 2 weeks in which the index is nearly stationary, 
(3) Adult period. After 90 days in age the refractive index of 
serum slowly rises throughout the remainder of the life span, so 
far as examined (up to 600 days). 

2. The water content of the serum also varies with age. It is 
highest at birth and becomes lower with increasing age. The 
course of alteration in the water content is closely related to the 
alteration in the refractive index, only it is inverse. 

3. Up to SS days the refractive index of the serum is shghtly 
higher in the female than in the male. This relation is reversed 
after SS davs of age, when the male serum gives a considerably 
higher index than the female serum. 

4. The retardation of growth gives a lower refractive index, 
while over grown rats give higher indices when compared with 


average normal rats. 
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5. Fasting (48 hours) produces a slight increase in the refrae- 
tive index, while a defective diet (small amount of water-soluble 
vitamine) produces a slight reduction in the index. 

6. The retractive index of the serum in the Norway rat varies 
regularly and increases with mereasing body length. 

7. The value of the refractive index of the human serum 
agrees with that of the albino rat on the following points: (1) Ab- 
solute value of N,, of the serum is practically the same both in 
man and in the rat at the adult stage. (2) The retraective index 
of the serum is higher betore suckling than after suckling, and 
furthermore the refractive index rises rapidly after this initial fall, 
as in the case of the albino rat. (38) From birth to puberty, 
however, the values for man are higher than those for the albino 


rat. 
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A STUDY OF THE CARBON DIOXIDE-COMBINING 
POWER OF THE BLOOD PLASMA IN 
EXPERIMENTAL TETANY.* 


By WILLIAM S. McCANN. 


From the Laboratory of Surgical Research, Harvard Medical School, and 
the Surgical Laboratory,* Peter Brent Brigham Hospital, Boston.) 


(Received for publication, July 6, LOLS.) 


Recent investigations of the acid-base equilibria in pathologi- 
eal conditions have been slowly adding to our knowledge of the 
factors involved in their maimtenance. Acidosis seems first to 
have caught the attention of investigators, probably because of 
the greater frequency with which it Is encountered. Recent 
studies by Wilson, Stearns, and Janney (1), Wilson, Stearns, and 
Thurlow (2) have directed attention to the condition of alkalosis. 
These investigators have found that in dogs following parathy- 
roidectomy the equilibrium between acids and bases is displaced 
in favor of the bases, and that in tetany which develops after such 
a procedure there is well marked alkalosis. This was developed 
ina study of the hemoglobin dissociation, and of the alveolar air 
in dogs following thyvroparathyvroideetomy. 

From an uncompleted series of experiments on dogs, undertaken 
to study the gastrie secretion in tetany, the following data re- 
garding the carbon dioxide-combining power of the plasma are 
taken. These data give confirmation to the conclusions of Wilson 
and coworkers with regard to the results following parathvroid- 
ectomy. Furthermore, studies were made on dogs in which 
tetany was Induced by various operative procedures on the stom- 
ach. In these latter cases changes in the acid-base equilibrium 
were noted similar to those following parathyvroidectomy. 

The method of investigation chosen was simple. The ability of 
the plasma to combine carbon dioxide at alveolar tension, deter- 


* Arthur Tracy Cabot Fellow. 
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mined by the method of Van Slvke and Cullen (3), was taken as 
the measure of the alkali reserve. This was chosen because of 
its greater sunplicity than the hemoglobin dissociation method, 
and in place of the examination of the alveolar air, because the 
‘carbon dioxide content of the latter is affected by the changes 
in the irritability of the respiratory center which oecur in tetany. 
The method of Van Slyke is not open to this latter objection, 

The studies were carried out on dogs. Parathyvroidectomy 
without thyroidectomy was done on two dogs. Five other dogs 
were subjected to gastric operations. In one the pylorus was li- 
gated, another developed tetany with an hour-glass constriction 
following Pawlow’s operation. In three other dogs the stomach 
was divided just on the proximal side ot the pylorie sphineter. 
After drawing the cut ends between the split fibers of the rectus 
muscles, they were sutured to the skin, thus making two openings, 
one into the stomach, the other into the duodenum through the 
pyloric sphincter. It was hoped that by frequent emptying of the 
stomach the seeretion could be obtained entire. The results 
were rather disappointing, except in one case in which the full 
data regarding the gastric secretion are given. These are too 
meager to justify any conclusions. All of the dogs developed 
tetany, without any infectious complications, and in all of the 
causes satisfactory data regarding the carbon dioxide-combining 
power were obtained. 

Blood for examination was drawn trom a heel vein, oxalated, 
centrifuged, and the plasma stored in a paraffined tube on ice 
unless the examination could be made immediately. The appa- 
ratus used was that of Van Slvke. The plasma was saturated 
with sur containing 6 per cent by volume of carbon dioxide, pre- 
viously mixed in a well calibrated spirometer. The only other 
variation from the usual technique was the substitution of 
n-heptvl aleohol for the caprvlie aleohol used by Van Slvke. 

All operative procedures were carried out with strict aseptie 
precautions, under ether anesthesia administered intratracheally. 


Protocols. 


Dog 48. Dee. 11, 1916.) Parathyroideetomy under intratracheal ether 
anesthestin. Removed the parathyvroids on both sides without removing 
the thyroid. Verified by seetion. Blood taken before operation. 
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Dec. 12. Condition good, lively, not vomiting. 

Dec. 13, 9 a.m. When first seen was in violent tetany, exhibiting the 
usual symptoms; contractures of the fore legs, twitching and jerking, hy- 
perpnea, and profuse salivation. 


Hrs. after 


Operation. CO. Combined. 


vol. per cent 


At 10.10 a.m., a molecular solution of magnesium sulfate was injected 
under the skin, dose equal 0.27 gm. per kilo of body weight. Within half 
an hour the relaxation was well advanced. The respirations decreased 
from 280 to 76 per minute. At 12.30, the respiration was 17. The dog had 
a few slight spasms from time to time. A 0.02 mM solution of CaCl, was in- 
jected intravenously at 12.40 p.m. This induced severe tetanic spasms 
after a dose of 0.004 gm. per kilo of body weight. At 1.40, the dog had a 
severe convulsion and died. 

Dog 11.--Mar. 26, 1917.) Two parathvroids were removed from the pos- 
terior aspect of the left lobe of the thyroid gland. On the right side they 
could not be identified, so t' at the right thyroid lobe was removed entire. 
At intervals the stomach contents were removed through a tube, and 
blood was taken for determination of the CO.-combining power. 


Hrs. after CO,Com- Free HCl, Total Acid, 
Operation. bined, 0.1N. N. Remarks. 
rol. per cent ce. ce. 
Before........ 47.5 
48.3 73.5 194.8, Lively. 
4 25.0 37.5 Condition good. 
7S 0 Q Twitching, spastic 


fore legs. 


Dog died during the night, apparently of tetany. Necropsy showed no 
other cause of death except tetany. 

Dog 2. —-Feb. 7, 1917. Large black and white male dog. Blood taken 
Feb. 6; plasma combines 59.3 volume per cent CO... Operation: ether 
anesthesia; ligation proximal to pylorus with heavy braided silk ligature. 
Blood withdrawn at intervals, and CO.-combining power determined (see 
tabulation below). Water given by catheter into the reetum. Condition 
of animal remained excellent until Feb. 10, when muscular twitching com- 
meneced. During the preceding 24 hours the dog had been drinking consid- 
erable water and vomiting. Mild symptoms of tetany continued during 
the next 24 hours, and on the night of Feb. 11 severe tetany developed. 
The animal was much improved on the following morning, though the 
(QO.-combining power was so great that it could not be determined acecu- 
rately inthe Van Slyke apparatus, the reading being 1.2 ce. of CO, per 1 ee. 
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of plasma. A gastroenterostomy was performed by the anastomosis of a 
| lower loop of jejunum to the anterior wall of the stomach, Feb. 12. Dur- 
ing the next 24 hours no tetany was observed; the blood drawn combined 
only 50.4 volume per cent of CO... However, the interpretation of this 


| drop is vitiated by the faet that the dog developed a pneumonia. He was 
killed with ether the following day. Autopsy showed early pneumonia 
in the left lower lobe. The stomach was being drained by the gastroen- 
terostomy; peritoneum and wounds uninfected. 


, Hrs. after operation 


Pra. 1. Dog 2. Pylorie ligation with subsequent gastroenterostomy. 


Hrs. after 
Operation. CO, Combined. 
rol. per cent 


20 40 60 60 100 10 140 160 


W.S. McCann 


Dog 7.—Rather old, black male dog; weight, 11 kilos. Operated 10 
a.m., Feb. 20, 1917, for the production of a Pawlow stomach. 12 hours 
later the dog vomited and drank a great deal. Blood plasma at this time 
combined 58.7 volume per cent of CO,. On the following day mild tetany 
was observed, evidenced by shivering and contractures of the fore legs. ; 
Plasma combined 64.4 volume per cent of carbon dioxide. At this pomnt A 
an injection of 0.33 N HCl was made into a heel vein until the respiration 
rose from 20 to 46 per minute. A specimen of plasma taken 30 minutes 
later showed a combining power of 46.7 volume per cent. No further 
evidence of tetany was seen following this until 4 p.m., Feb. 22, when 
the dog had violent tetanic seizures. The CQO,.-combining power was 
found to be 79.1 volume per cent. The dog died during the night. Au- i 
topsv showed the presence of an hour-glass constriction of the stomach, j 


with no other cause of death assignable. 


Hrs. after | 
Operation, (0). Combined. 
vol. per cent 


No data. 


Before. 
OS. 


64.4 
4 46.7 
a Dog 19.--Brown bitch, short hair; weight 12 kilos. Apr. 3, 1917. Op- ; 
2 eration: division of the pyloric end of stomach, with formation of two | 
a stomas, one into the distal, and one in the proximal end of gut. Reetus 4 
3 muscles split to form sphincters. Just before the operation the CO»- ; 
2 combining power of the plasma was 49.2 volume per cent. As the sphincter | 
a action of the muscles was imperfect, it was not possible to obtain all the H 
gastric secretions. 
Hrs. after 

Operation. Combined. 

rol. per cent 

: 23 hours after operation the animal began to have contractures of the 

; fore legs and marked salivation. At the end of 30 hours it went into such 

: violent tetanic spasms that it was killed after withdrawing blood for the 


determination of CO.-combining power. 

Dog 17.—Mar. 19, 1917. White, shaggy female; weight 12 kilos. Blood 
drawn before operation combined 48.5 volume per cent of CO,. Ether 
anesthesia. Operation: stomach divided near the pylorus after ligating 
the vessel on either curvature. The cut ends received a lock stitch for 
hemostasis, after which they were drawn through the split fibers of the 


rectus muscles. Each end was then sutured to the fascia and skin mak- 
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ing two fistulas, from which gastric or duodenal contents did not escape. 
The stomach was washed at frequent intervals by means of a catheter 
inserted through the gastric fistula. The washings were measured, ti- 
trated for free HC! and total acidity, and the results expressed as the total 
number of ce. of O.1 N acid secreted. These results are given in tabular 
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10 20 30 40 50 60 
Hrs. afler operation 


Bro. 2. Dog 17. The curve represents the volume per cent of CO, 
per hour combined by plasma. The cross-hatehing signifies ee. of O.1 x 
acid secreted; the solid black, cc. of 0.1 N acid injected. 


form below. Water was given to the animal through another eatheter 
which was inserted through the pyloric sphineter into the duodenum. The 
animal drank very little water and did not vomit. 

Mar. 20. Condition of dog good, and no symptoms of tetany observed. 
On the following day tetany began with tremors and spasmodic twitch- 
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ings, which developed in the course of 2 hours into severe seizures, in 
which the animal lay on its side with legs stiffly extended and twitching. 
Salivation marked. Respiration very irregular in rate, ranging from 45 to 
180 per minute. A large amount of alkaline urine was passed, and a loose 
watery stool. Blood combined 83.7 volume per cent bf CO.. After with- 
drawing blood 400 ee. of 0.4 per cent HCl were injected through a catheter 
into the duodenum. An hour later the dog was walking about. After 43 
hours the animal had a seizure of tetany which lasted 5 minutes. Blood 
was drawn and found to combine 49.2 volume per cent of CO.. The dog 
was then killed. 

Autopsy performed at onee. Heart, lungs, liver, spleen, and kidneys 
were normal. The wounds were clean, there was no intraperitoneal in- 
fection. The upper part of the small intestine was filled with a large 
amount of alkaline bile-stained fluid. The stomach was empty. 


('().-¢ ing Powe r of Plasma. 


vol. per cen 


Mar. 19, 10 a.m........ | . 48.3 


Amounts of Acid Secreted by Periods, 


Period. No. of hrs. Total ce. 0.1. N secreted. Rate, ec. 0.1‘ per hr. 
44 14 11 
3 21.42 
4 4 122.40 30060 
00 ot OO 
hoo 150050 “000% 
1 OO 3.60 


Dog 18.--Mar. 2S, 1917. Division of pyloric antrum. Ends drawn 
through the reetus musele. Blood drawn before operation, and periodi- 
eally thereafter. Mar. 29. Dog in good condition. The sphineter ae- 
tion of the reetus muscles is imperfect. Mar. 30. Dog developed tetany. 
The blood drawn 1 hour before combined S1.2 volume per cent of COs». 
400 ce. of O.4 per cent HCI solution were introduced through the pyloric 
sphineter into the duodenum at 12 noon. At 4 p.m., symptoms of 
tetany had disappeared, and the CO.-combining power was found to be 
56.1 per cent. The dog remained free from tetany until the following day, 
when the COs-combining power was 53.5 per cent. The dog was then 


killed, 
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Hrs. after 


Operation. ('O. Combined. 

vol. per cent 
72 


The gastric juice could not be collected quantitatively, but three sam- 
ples taken gave the following figures (ce. 0.1 N acid per 100 ce. of gastric 
contents). 


pane. aim....... Total acid 130 
400m. ........ Ne 


These figures show that during the period when the CQO.-combining 
power Was increasing acid was being secreted. 


DISCUSSION, 


The foregoing experiments show consistently an increase in the 
ability of the plasma to combine carbon dioxide coincidently with 
the development of tetany. This may be interpreted as being 
due to an increase of the basic over the fixed acid radicles in the 
blood, as compared with that of normal animals. 

These experiments, with the exception of one, cast little light 
on the mechanism involved in the displacement of the acid-base 
equilibrium. The mechanism for the maintenance of this equilib- 
rium is very complex. Recent studies of the acid-base excretion 
in nephritis have called attention to the importance of changes In 
the permeability of the kidney to acid or basic phosphates. Fitz, 
Alsberg, and Henderson (4) observed the increased phosphate ex- 
eretion in experimental acidosis. Marriott and Howland (5) ob- 
served an acid-phosphate retention in certain cases of acidosis in 
chronic nephritis. However, Greenwald (6) finds a decreased 
phosphate excretion after parathyroidectomy, which is inconsist- 
ent with the view that tetany is the symptom complex of alka- 
losis unless the phosphates retained were alkaline, the equilibrium 
being shifted so that the concentration of dihydrogen phosphates 
is diminished. 
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The effect of antagonistic electrolytes, on both irritability and 
permeability, must be considered. Osterhout (7) has made a re- 
view of the relation of permeability and antagonism. MeClen- 
don (8) presents some interesting observations on the relation 
between certain antagonists and irritability. The pulsation rate 
of the jellyfish, Cassiopeia camachana, is increased by increasing 
the concentration of OH, Na, or K ions. It is decreased by the 
H ion, by Mg and Ca tons. A similar antagonism was observed 
between the same tons in their effeet upon the heart of the conch 
Strombus gigas. Vhat there is an increased irritability in tetany 
is shown by a study of the electrical reactions made by Muae- 
Callum and Voegtlin (9), who have also noted a diminution of 
ealelum in the blood and an increased excretion of ecaletum. 
The relief of tetany by the injection of metals of the alkaline 
earth group (Mg and Ca) has been observed by various writers 
(1), especially Voegtlin and MaeCallum (10). Wilson, Stearns, 
and Janney quote this and add (1) that the injeetion of the 
alkali metals (such as Na and K) increases the severity of tetany, 
and that acids injected intravenously relieve it. The effect. of 
the administration of acid both intravenously and through the 
duodenum: is strikingly shown in the cases of Dogs 7 and 17. 

The work of Henderson and Haggard (11), published since the 
completion of this paper, makes it necessary to consider another 
possibility; namely, that through some means the irritability of 
the respiratory center is increased causing decreased ventilation 
and a secondary change in the COs-combining power. - Although 
no special effort was made to determine this, there was no obvious 
change in respiration on the part of these dogs, and in every case 
a considerable merease of COs-combining power occurred before 
any elinieal evidence of tetany. The results obtained by Me- 
Clendon, as quoted above, would also make it seem probable 
that the plasma change preceded the irritability of the respira- 
tory and other nerve centers. 

One remaining factor deserved consideration as entering into 
the maintenance of acid-base equilibrium,—-the secretion of acid 
by the stomach. Clinieally gastric tetany is most apt to occur in 
those cases in which there is some pyloric obstruction. The seere- 
tion of hyvdrochlorie acid by the stomach, provided the acid does 
not pass into the duodenum to excite the alkaline intestinal secre- 
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tions, might be expected to leave the blood with an excess of 
basic substances. The so called alkaline tide, following a meal, 
may be due to this. The evidence on this point is in no way 
conclusive. In the case of Dog 2 the effect of a gastroenter- 
ostomy in producing a marked and prompt drop in the CO.-com- 
bining power is suggestive in indicating that possibly the balance 
between acid and alkali secretion was reestablished by the stimu- 
lus of the gastrie acid in the duodenum. In the case of Dog 17 
the rate of acid secretion is seen to have inereased during the 
period in which the COs-combining power was increasing, until 
this passed the upper normal limits. In this same dog the effect 
of introducing acid into the duodenum is out of proportion to the 
amount introduced, the probable explanation being that the blood 
alkahes were not only being neutralized but were also being lost 
through secretion. Dog 18 also showed a marked and. lasting 
beneficial effect after the introduction of acid into the duodenum, 
in contrast to the transient effect from intravenous injection 


(Dog 7). 
CONCLUSIONS. 


These experiments having been interrupted betore reaching a 
point at which definite conclusions could be drawn, they seem 
nevertheless to indicate the following: 

1. After parathyroidectomy there is a marked increase in the 
earbon dioxide-combining power of the blood plasma, coimeident 
with the development of tetany. 

2. Following operations on the stomach, which exclude the acid 
secreted from the duodenum, tetany develops accompanied by an 
increase in the carbon dioxide-combining power of the plasma 
simular to that of parathvroid tetany. 

3. Tetany is 2 condition of alkalosis, in which a disproportion 
hetween the rates of secretion of acids and alkahes by the gastro- 
intestinal tract may be a factor. 
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A MODIFIED METHOD FOR THE PREPARATION 
OF PICRAMIC ACID. 


By GRETE EGERER. 
( From the Chemical Laboratory, De partine ne of Medicine, Unive rsity of 
Minnesota, Minneapolis.) 


(Received for publieation, July S, 191s.) 


The importance of picramie acid as a standard for Benedict’s 
blood sugar determination and the present shortage of pleric acid 
suggested to the writer that the small vield of pieramic acid ob- 
tained by working in accordance with the instructions in the 
literature might be improved. 

One method commonly used for the preparation of preramic aerd is that 
of Girard,’ which states: If a cold saturated aleoholie solution of pierie acid 
is neutralized with ammonium hydroxide and then saturated with hydro- 
gen sulfide the liquid turns red and small red erystals are deposited. On 
distilling off the aleohol, sulfur and additional red erystals are deposited. 
They are the ammonium salt of pieramic acid from which pieramie seid 
ean be obtained on addition of acetic acid to the hot aqueous solution. 

The other method reported by Lea? reads as follows: An alcoholic solu- 
tion of pierie acid treated with an excess of ammonium sulfide is evaporated 
on the water bath, the residue extraeted with bottling water. and in the 
filtrate the pieramic acid is precipitated with acetie acid. 68 per cent is 
elaimed as vield. The writer was unable to confirm this last statement. 


As to Girard’s methods, if one follows the instructions literally, 
that is, if one uses a cold saturated solution of prerre acid neutral- 
ized with ammonium hydroxide, the larger proportion of the 
crystals deposited on passing hydrogen sulfide into the solution 
eonsists of unchanged pierce acid. It takes at least from to 
13) hours to deposit any crystals of the reduction product snd these 
are greatly contaminated with the diamino salt due to the heat 
resulting from reduction. The product) obtained when using 
Lea’s method is also contaminated to a great extent with the 
diamino salt. 

'Curard, A., Compt. rend. Acad., 1853, xxxvi, 421; Ann. Pharm., 1855, 
Ixxxvinll, 

* Lea, C., Jahresbr. Fortschr. Chem., 861, 6387; Am. J. Sc. and Arts, 
IS61, xxx1, ISS; 210; Chem. News, 1861, iv. 193; J. prakt. Chem.., 
Ixxxvi, 319. 
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Picric acid remains in solution in the presence of an excess of 
ammonium hydroxide, and the formation of the ammonium salt 
of the diamino-acid is almost excluded by cooling the solution. 

The following modification of the procedure proved satisfactory. 


20 gm. of finely powdered picric acid are heated in 300 ce. of aleohol in an 
Erlenmeyer flask of 600 cc. capacity (boiling the solution should, however, 
be avoided so as not to decrease unnecessarily the quantity of liquid). 
When dissolved, 125 ec. of concentrated ammonium hydroxide are added 
and the contents of the beaker cooled to 30°C. with running water. A 
very rapid stream of washed hydrogen sulfide gas is passed into the solu- 
tion until the thermometer shows a temperature of 50-55°C. This tem- 
perature is reached in about 10 or 15 minutes, depending on the rapidity 
with which hydrogen sulfide is passed in, and should not be exceeded. 
Without discontinuing the stream of hydrogen sulfide the flask is placed 
in crushed ice and hydrogen sulfide allowed to pass through for 45 min- 
utes more. The delivery tube should be at least 1 em. wide. 

The erystals of the ammonium salt of picramie acid which have now 
been deposited in large quantities are freed from all mother liquor by fil- 
tration on a Buchner funnel, transferred to a porcelain dish, and treated 
with 60 ec. of acetic acid (1 part of glacial acetic acid to 4 parts of water) 
to decompose the ammonium salt. The mixture is vigorously stirred so 
as to bring all solid substance into reaction with the acid. The picramie 
acid is filtered off on a Buchner funnel and washed with two portions of 
water, using 10 cc. each time. The vield should be from 14 to 15 gm. 
The acid is purified as follows: 500 ce. of distilled water are heated to 
boiling, and 2 gm. of the crude pieramic acid are added and boiled in the 
water with stirring. Not more than 50 ce. of the water should be allowed 
to evaporate. The undissolved part, consisting chiefly of sulfur and a 
trace of diamino-acid, is filtered off through a folded filter. The filtrate 
is allowed to cool in an ice box or in ice to a temperature of from 10-12°. 
The pieramic acid is filtered off by suction and air dried. 


The picramie acid thus obtained has a melting point of 168°C, 
as required of the pure acid. The vield from 20 gm. of pieric 
acid is 13.3 @m., which is 76.5 per cent of the theoretical value. 

If the residue, obtained by concentration of the aleoholie filtrate 
from the ammonium picramate, is treated with 500 ee. of boiling 
water, filtered, and acidified with 5 ce. of glacial necetie acid, cooled 
with ice to about 10-12°C., an additional vield of picramie acid 
is obtained. It is filtered on a small Buehner funnel, washed 
with two portions of water of 5 ec. each. The yield is increased 
about 5 per cent of the theoretical value. 


The writer wishes to express appreciation for assistance in the 
experimental work to Miss Frances Ford. 
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THE METABOLISM OF GLYCINE GIVEN INTRAVEN- 
OUSLY AT CONSTANT RATES. ; 


By JULIAN H. LEWIS. 


‘From the Otho S. A. Sprague Memorial Institute Laboratory of Clinical 
Medicine, Rush Medical College, Chicago. 


(Received for publication, July 22, 191S.) 


For a long time the progress of our knowledge of the fate ot 
ingested protein was halted because of the inability to trace it 
further than the lumen of the intestines. We were certain that 
it was digested by enzymes more or less completely to the amino- 
acid stage, but further than this we were unable to go because 
of the lack of methods for detecting amino-acids in the blood or 
of identifying possible products of the ingested protein after leav- 
ing the intestines. Asa result there were formulated a number ot 
hypotheses to explain the method by which the body received into 
its substance the protein of the food. All these hypotheses had 
arguments in their tavor but each lacked decisive data which 
proved it. It was not until Van Slyke devised a method for 
determining small amounts of a@-amino-acids that we were fairly 
certain that proteins were absorbed into the blood stream as 
amino-acids. By this method the distribution and fate of these 
absorbed amino-aeids can be followed. [t is shown that they are 
quickly removed from the blood stream by the tissues, especially 
the liver and muscles, and in these tissues further steps in their 
inetrbolism are carried on. The first of these steps appears to 
be the splitting off of the NH. from the carbon moiety, the proc- 
ess of deaminization. Van Slyke shows that this occurs at a 
much slower rate than that at which the amino-acids are re- 
moved by the tissues from the blood stream. The NH. group 
is eliminated in the urine as urea and ammonia. The deaminized 
portion ultimately is oxidized to COs and water. A certain part 
of the amino-acid is no doubt used for the svnthesis of new body 


proteins, 
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Glveine Metabolism 


Since we are now fairly well acquainted with the qualitative 
history of the amino-acids, refinements of study ean be intro- 
duced which involve a quantitative aspect. Certain view- 
points which have been developed in the study of carbohydrate 
metabolism can now be applied to amino-acids. The most re- 
eent idea is that of Woodyatt who introduces the factor of rate 
in the study of intermediate sugar metabolism in the attempt to 
interpret the biological processes concerned in terms of quanti- 
tative chenustry. His method is to introduce sugar or other 
soluble metabolites into the circulation at known and constant 
rates for considerable pertods of time until equilibria are reached. 
A study of the rates of excretion and other indices of metabolic 
processes under these conditions will give data concerning the 
amount and manner of utilization whieh ean be discussed from 
the view-point of reaction velocities. In order to maintain a 
eonstant rate of entry into the blood stream and to avoid the 
uncertainties of absorption times, Woodyvatt devised an eleetri- 
cally driven machine which delivers measured amounts of fluid 
directly into the blood stream, accurately adjusted at so much 
per unit time. With this apparatus, intravenous injections can 
be kept up indefinitely and constantly at any desired rate. Fora 
fuller discussion of the theory and method of timed tntravenous 
injections the reader is referred to Woodyatt’s articles.! 

This paper is the first of a series in which the metabolism of 
varrous amino-neids will be studied in the same manner as Wood- 
vatt efa/. have studied sugars. They found in the case of glucose 
that this sugar can be injected tor at least 9 hours at any rate 
up to and ineluding O.S5 em. per kilo of body weight per hour 
without causing glycosuria. Above this rate glucose regularly 
appears in the urine. The question which concerns us now ts 
how rapidly any given amino-acid can be injected continuously 
without producing an overflow of unchanged amino-acid in the 


urine, 


Woodvatt, Studies on intermediate carbohydrate metabolisi, 
Harvey Lectures, 1915-16, xi, 326; The method of timed intravenous tn- 
rections, J. Brol. Chem., xxix, 355. Woodvatt, R. T., and Sansurm, 
W. D., Studies on the theory of diabetes. VIITT. Timed intravenous in- 


rections of glucose at lower rates, thid., M917, xxx, 155. 


| 
| 
| 
| 


J. H. Lewis 


The amino-acid selected for study first is glycine, because it is 
the simplest amino-acid and is easily prepared in pure form. 
The sample used was prepared by Dr. E. J. Witzemann of this 
Institute by svnthesis from monochloroacetic acid and am- 
monia. The product was of a high degree of purity, occurring 
as large colorless rhombic crystals (melting point 245-245°, 
corrected). The glycine was dissolved in 0.9 per cent sodium 
chloride solution at approximately the desired concentration. 
The exaet concentration was determined by the Van Slyke samuno- 
acid method. Dogs which had fasted for 24 hours were used. 
Before each experiment began, the bladder was washed out. 
There was always s pertod of 2 hours or more preceding the in- 


jection during which a sample of normal urine was obtained. 
In some of the experiments salt solution was injected before the 
glycine solution, in order to insure the hourly secretion of enough 
urine for analysis. Glyeine was injected at rates varying from 
0.1 to 1.5 gm. per kilo of body weight per hour. On all samples 
the following determinations were made: total nitrogen by the 
Kjeldahl method, ammonia nitrogen by the Folin) aeration 
method, urea nitrogen by the Marshall urease method, and 
amino-acid nitrogen by the Van Slyke method. Comparisons of 
the effect of the injection of glycine were made with the bass! 
excretion of nitrogen determined from the analysis of the urine 
of the fore period. Owing to the limitations of the method for 
determining amino-acid in the urine, together with the small 


4 quantities of urine excreted per hour by dogs weighing from 7 to 
: 16 kilos under the conditions of the present experiments, It Was 


not found feasible, except in certain cases, to follow accurately 
the hourly exeretion of the several nitrogenous substances named 
above. The urine was therefore collected for periods of 2 to 6 
hours or more. In the ease of the more rapid glycine injections. 
toxic effects prohibited their being sustained for more than an 
hour. Accordingly equilibria as indieated by the attainment ot 
constant ratios between the rate of nitrogen injection and the rate 
of nitrogen excretion were not established except in the case of 
the lower injection rates. But the short injeetions at the higher 
rates show roughly the relative quantities of nitrogen excreted 
In the form of unchanged glycine and as urea and ammonia, re- 
spectively, following injections at these definite rates. 
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It appears that the tolerance limit for glycine injected into the 
systemic venous blood of resting dogs is close to 0.2 gm. per 
kilo per hour. More experiments would be necessary to fix this 
ralue; e.g., repeated experiments at 0.8, 0.2, and 0.1 gm. rates. 
But it is suggested that glycine entering the systemic blood 
stream at a rate not exceeding 0.2 gm. per kilo per hour may 
enter the tissues and be metabolized as fast as it is injected, hour 
after hour, while with faster rates of injection the metabolism of 
glycine fails to keep pace with the rate of supply and some glycine 
passes through the body unchanged. When this figure is com- 
pared with the tolerance limit for glucose (0.85 gm. per kilo per 
hour) it forms a basis for comparing the relative normal velocities 
of the glucose and glycine metabolism. 

The data also show, in harmony with established facts con- 
cerning amino-acids in general, that their NH. groups are split 
off and enter into formation of urea even when the amino-acids 
are Injected directly into the systemic blood stream. The execre- 
tion of this urea begins soon after injection but may drag along 
for IS hours or more afterwards. The excretion of unchanged 
glycine, on the contrary, appears to be eompleted at a much 
more rapid rate, although far more slowly than that of sugar. 
In the latter case we are dealing with an exeretion rate; in the 
former, the rate of metabolism and the rate of exeretion both 
come into play. This suggests the possibility of measuring the 
veloeity of deaminization by determining the rate of urea excre- 
tion after simple urea injection and after injection of ‘amino- 
acids (subtracting one trom the other). 

Lusk? and others found that glycine is converted into glucose 
in the completely diabetic organism in the ratio of OLS gm. of 
glucose from 1 gm. of glycine. From this facet it has been held 
that the carbon residue of glycine atter deaminization undergoes 
the same changes in the normal body. Tf glveme is thus con- 
verted into glucose in the normal non-diabetie body, and this 
conversion occurs at an absohite rate above 0.85 gem. of glucose 
per kilo of body weight per hour, it might be expected that a gly- 
cosurin would oecur. It would require the metabolism of 1.06 

’ Lusk, G., Elements of the scienee of nutrition, Philadelphia, Srd 
edition, 
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gm. of glycine per kilo of body weight per hour to introduce glu- 
cose into the metabolism at the rate of 0.85 gm. per kilo per hour 
on the basis of Lusk’s conception. In the present experiments, 
glycosuria was regularly absent, but in none of them was there 
any evidence that the rate of glycine metabolism equalled 1.06 
gm. per kilo per hour. These particular experiments therefore 
‘ast no light on this subject. At the highest injection rate, 1.5 
gym. for 1 hour, we do not know how the material was metabolized 
and with the long slow injection we would not expect glycosuria. 
This question might be attacked successfully by a study of the 
rate of sugar excretion in the completely diabetic animal when 
glycine was injected at various rates. 

It was interesting to note that in Experiment V, during the 3rd 
hour of injection the dog became very ill. It vomited, had 
diarrhea, and suffered from severe convulsions, very much re- 
sembling the symptoms one sees in Ick fistula dogs after feeding 
large amounts of meat. Just as soon as the injection was dis- 
continued these svmptoms disappeared. 


SUMMARY. 


|. The tolerance rate for resting dogs of glycine injected con- 
tinuously into a svstemic vein is probably close to 0.2 gm. per 
kilo of body weight per hour. 

2. Glycine thus injected intravenously at constant rates is 
readily converted into urea. 

3. The exeretion of unchanged glycine is materially slower than 
that of sugars. 


Eaperiment I. 


Injection of Glycine at the Rate of 1.5 Gm. per Kile of Body Weight per Hr. 
for 1 Hr. 


Weight of dog, 7.22 kg. Injected 10.83 @m. of glyeine, containing 2.03 
gm. of N. 
Period T= 6Ghrs. Normal control. Before injection. 
6 Period during which glycine was injected for hr. 
* After period with no injection. 
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CGilveine Metabolism 


Analysis of U rine. 


Period. | Hirs. Total N. 7 Urea N. Ammonia N. | Amino N. 
| gm, gm. gm. gm. 
4 104 0.03 | 0.428 
12 1.35 0.04 0.039 
Amount of N injeeted as glyeine, gm... 
Injected glycine excreted unchanged, per cent.........°... 25.1 
Amount of extra N in urine resulting from = injection 
(total), om. .....; 2.12 
Injected N recove wed: in urine, per cent | : 100 


It would appear that the excretion of glycine had almost or quite come 
to an end and that the excretion of urea had reached the basal level at the 
close of the After Period TIT, while the ammonia excretion remained un- 
affected by the injection. 


Experiment If. 


Injgection of Glycine at the Rate of 1.13 Gm. per Kilo of Body Weight per Hr. 
for 1 Hr. 
Weight of dog, 12.5 kg. Injeeted 14.18 gm. of glycine. containing 2.64 
gm. of 


Period L= 6Ohrs. Normal control. Before injection. 
6 Period during which glycine was injected for 1 hr. 
After period with no injeetion. 


Analysis of Urine. 


Period. | Hirs Total N. Urea N. Ammonia N. Amino N. 
gm gm. gm. gm. 
1. 166 OST 0.075 O21 
2.204 1 31S OS2 | 
564 1.758 0.122 | 0.033 
Amount of N injected as glycine, gv 2.64 
Injected glycine excreted unchanged, per cent... 
Amount of extra Nain urine resulting trom | (total), 
Injected N In urine, per cent. . 


[lt appears that the exeretion of glycine ended during Period Il when 
the urea exeretion probably continued high through Period TIl. The 
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4 ammonia excretion was not changed significantly. The percentage of in- : 
| jected glycine which eseaped in the urine is one-half of that in Experi- 
ment I. 
4 Experiment TTT. 


Injection of Glycine at the Rate of 1 Gi, per Kilo of Body Weight per Hr. 
for 2 Hrs. 


Weight of dog, 16.27 kg. Injected 32.54 gm. of glycine, containing 6.08 
gin. of N. 
Period L=3hrs. Normal control. Before injection. 
“ Period during which glycine was injected for 2 hrs. 
“ “ After period. No injection. 
Analysis of Urine. 
Period. | tirs. Total N. Urea N. Ammonia N. Amino N. 
gm. gm gm. gm. 
I 0. 46S 0.274 0.02 0.039 
7 4 0.670 0.253 0.035 0. 269 
6, 7 1005 0.621 0.062 0.089 
Amount of N injected as glycine, 00.2... 
N recovered ig qm. Of 
Injected glycine excreted unchanged, per cent &s 
; Amount of extra N in urine resulting from injection (tot: aby: 
f Injected N recovered in urine, per cent. 30.9 
; The experiment does not permit the decision that the exeretion of un- 


ehanged glycine was ended when the experiment closed. It appears to 
have been still in progress 2 hours after the injection. At this time the 


urea exeretion was still rising. 


Experiment IV. 


Injection of Glycine at the Rate of 0.75 Gm. per Kilo of Body Weight per Hr. 
for 1 Hr. 


Weight of dog, 11.25 kg. Injected 8.44 gm. of glycine, containing 1.58 
gm. of N. 
Period 6hrs. 
“ 


Normal control. Before injection. 


Period during which glycine was injected for 1 hr. 
After period. 


No injection. 
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Analysis of Urine. 
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Period. | Hirs. | Total N. Urea N. Ammonia N. | Amino 
| gm. gm. gm. | gm. : 
0508 0.380 0.022. 0.007 
“0.841 | 0.055 | 06.070 
12 0.028 | 0.080 
Amount N injected as glycine, 1.58 
Injected glycine excreted unchanged, per 8.23 
Amount of extra N in urine resulting from injection | total), 
Injected N recovered in urine, per cent... .. 68.3 


The glycine and urea excretions were apparently still in progress at the 
end of Period III. 
Experiment V 
Injection of Glycine at the Rate of 0.56 Gm. per Kilo of Body Weight per Hr. 
for 3 Hrs. 


Weight of dog, 15.22 kg. Injected 22.83 gm. of glycine, containing 4.28 
gm. of N. 


Period T=Shrs. Normal control. Before injection. 


Period during which glycine was injected. 
* After period. No injeetion. 


Analusis of Urine. 


Period. Hrs Total N Urea N Ammonia N, Amino N. 
gr gin. gm. gm. 
i, O40] 421 O02 0.026 
0.505 019 0.012 
I] 5 73S 0.026 
1 0.745 1) Ob 
8, 9 2.167 O47 
Amount of N injected as glveine. gm... 
Injected glycine excreted unchanged, per cent. 7 2.33 
Amount of extra N in urine resulting from injection ‘tot: ai}, 
Injected N recovered in urine. seni 


The exeess of amino N exeretion had ceased at the close of Pertod III. 
The urea N had decreased but was not as vet equal to basal excretion. 
No significant change in ammonia N. 
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Karperiment VI. 

Injection of Glucine at the Rate of 0.2 Gi. per Kilo of Body We ight per Hr. 

for Hrs. 
Weight of dog, 14.75 kg. Injected 20.65 em. of glycine, containing 3.86 
gm. of N. 
Period T=2hrs. Normal control. Before injection. 
“ Period during which glveine was injected. 

Analysis of Urine, 


Period. lIrs. Total N. Urea N. Ammonia N Amino N. 


| gm, gm. gm. gr 
| | 0.299 0. 169 0.014 0.03 
13 0 305 O15] O.O15 0.028 
i 4 0.342 | 0.208 0.02 
0.451 0.299 0.0} 0.015 
| 0.389 | 0.014 | 0.014 
| 17 0.344 0.008 0.022 
| 8 | 0.599 0.455 0.016 0.016 
Amount of N injected as glyveine, qm... 3 86 
“oN recovered qui... 0.022 
Injected glycine exereted unchanged, per cent. ... 0.57 
Amount of extra N in urine resulting from injgeetion (total 
gm... 3 3 2.40 
Injected N recovered in urine, per cent... 


It looks here as if the 0.2 gm. rate barely overtopped the tolerance limit 
if it did at all. The exeess amino N in urine in 3rd and 4th hours ts not 
greater than the limits of error in the methods emploved. After that there 


was no exeess whatever. 


VIT. 


Injection of Glycine at the Rate of 0.1 Gm. per Kilo of Body Werght per Hr. 
for Hrs. 
Weight of dog, 9.0S kg. Injeeted 6.36 gm. of glyeine, containing 1.19 gm. 
of N. 
Period I = 2hrs. Normal control. Before injection. 
=7 Period during which glycine was injected. 
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Pnyected glyerne excreted inehanged., jet 
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